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STUDIES OF THE EFFECTS OF FLAVONOIDS ON ROENTGEN 

IRRADIATION DISEASE 

I. PROTECTIVE INFLUENCE OF RUTIN IN IRRADIATED DOGS° 
By John B. Field, Ph.D., M.D.f 

AND 

Paul E. Rekers, M.D. 

nOCHESTER, NEW YORK 

(From llic Departnienl of Radiation Biology, University of Rochester 
School of Medicine and Dentistrj') 


Prior to the development of the 
atomic bomb, the effects of intensive 
ionizing irradiation on mammals were 
studied only occasionally.^®--®-^®'®'^ The 
present report deals with some of the 
factors contributing to tlie mortalit)^ 
after roentgen irradiation, with par- 
ticular emphasis on the significance of 
hemorrhage and sepsis. Attempts were 
made to reduce the predictable mor- 
tality of irradiated dogs and to check 
the hemorrhagic manifestations by 
administering flavonol glucosides.-'* 

Methods. Animals: Young, healthy male or 
female hound or mongrel dogs of the beagle 
strain, appro.vimately 1 year of age and of 
comparable sizes and weights, were used. 


They were maintained for a minimum of 4 
weeks in quarantine prior to study. During 
this period they were rested, debused, de- 
wormed and vaccinated with anti-distemper 
vaccine. They were maintained for at le.'ist 
1 week prior to irradiation in individual 
experimental kennels. They were given a diet 
consisting of 40:7 mixture of Friskies Dog 
Food Mealt and E\t Rcdy Meal§. All animals 
that developed anorexia in the post-radiated 
state were given fresh ground bccfll and whole 
cow’s milk, as well as the commercial foods. 

Clinical observations were made daiU' and 
weights recorded semiwcekly. Immediately 
after death, all organs were examined and sec- 
tions were taken from .nil organs and obvious- 
ly .nbnorm.nl tissues. After fixation in Bonin’s 
fluid, routine hcmoto.xylin .nnd eosin st.nins of 
the sections were prepared for histopatho- 
logical stud}'. 


* This paper is based on work performed under Contract No. W-7401-Eng-49 for the 
Atomic Energy Project at the University of Rochester. The authors gratefully ack-nowledgc the 
counsel of Dr. H. Blair, director, and Dr. A. H. Dowdy, former director. Atomic Energ\- 
Commission, Universih' of Rochester. 

f Pre.sent addre.ss; Department of Medicine, The New York Hospital, and Cornell University 
Medic.nl College, New York. 

t Friskies Dog Food Meal, Albers Milling Company, Peoria, 111. It consists of a minimum of 
24 'Jo mixed proteins, 4.5^7 fat, lOTc a.sh and a m3.ximum fiber content of 4^7. 

§ Evr Rcdy Dried Meat with Bone, Rich Products Coqioration, Rockford, 111. It protndes a 
minimum of 60^ beef proteins and 5^ fat. a m.nximum of 15^ .n.sh and 4 Sr fiber. 

jj The consumption of all medication was facilitated b}' incoqmrating the dnic in approx- 
imately 10-20 grams of fresh ground beef. Control dogs were also given an equal quantity of 
meat 3 times dailv. 

.(O 
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dogs died witli typical signs of irradi- 
ation toxicity. Only transitory symptoms 
of intoxication appeared in 2 of the 
surviving dogs. A routine hemato- 
logical examination of the entire group 
of 11 did not indicate any significant 
difference between it and the control 
group of 37 dogs not receiving any 
dietaiy supplement. Nevertheless, the 
lemon extract joroved effective in in- 
creasing the survival of irradiated dogs: 
36% (4 of 11) of the supplemented 
dogs succumbed at an average of 21 
days (range, 11 to 31 days) after 
irradiation compared to the 60% (22 
of 37) mortality observed in 20 days 
in the control dogs. 

Effect of ascorbic acid in irradiated, 
dogs. The value of citrus concentrates 
in alleviating experimental and clinical 
purpura has been ascribed--’^® to the 
vitamin C present. Unlike man, tlie 
dog ordinarily synthesizes adequate 
quantities of this vitamin. Further- 
more, the vitamin C analysis of the 
lemon peel jjreparation was only 1.8 
mg. per 200 mg. tablet. It would thus 
appear that this quantity, insignificant 
in relation to the dog’s dietary con- 
sumption, would play no role in the 
]5rotective effect of the lemon concen- 
trate against irradiation. This was dem- 
onstrated in an experiment in which 
12 dogs v^ere given 100 mg. of 1- 
ascorbic acid orally 3 times daily be- 
ginning 1 week prior to irradiation. Six 
dogs (50%) succumbed after 12 to 14 
days post-radiation, and at autop.sy 
exhibited a typical widespread hem- 
orrhagic diathesis. The clinical course 
and hematological data of all animals 
were identical to the control irradiated 
does. 

Effect of rutin in dogs irradiated 
with S50 r~rutin given both before and 
after irradiation. Certain flavonol 
glucosides haN'e been reported to be 


effective in suppressing purpuras of 
unknown etiology in the guinea jjig 
and man,’*'"’^ and the active principle 
has been designated by Szent-Gyorgyi, 
“vitamin P.” Extracts of lemon peel are 
rich in “vitamin P” activity. According- 
ly rutin,# a rhamnoside typical of this 
type of compound, was tested for its 
effectiveness against the irradiation 
syndrome in dogs. Marked differences 
in mortality and morbidity were de- 
pendent upon tlie chronological re- 
lationship of onset of rutin treatment 
to irradiation. First recorded are the 
observations when rutin administration 
preceded tlie irradiation and was con- 
tinued thereafter. 

1. Mortality and incidence of hem- 
orrhage. Rutin was given orally in 50 
mg. gelatin capsules to a group of 27 
dogs 3 times daily beginning 1 week 
prior to irradiation and continued unh'l 
28 days post-radiation. The data were 
obtained in 5 separate trials performed 
at different times during the )'ear. 
Control studies were carried out simul- 
taneousl 3 L In each trial the results were 
idenh'cal and a summary of the mor- 
tality, survival times and clinical 
evidence of hemorrhage compared to 
similar data from the control dogs is 
given in Table 1, The weight cur\^es of 
the rutin-treated animals, in general, 
paralleled the weight cur\'es of the 
control group of animals. 

2. Pefechiae formation. By applying 
a circular suction cup of l.S cm. in 
diameter at a standard negative pres- 
sure of approximately 60 mm. Hg. to 
the clear unpigmented epithelium of 
the dog’s abdomen for 2 minutes, an 
attempt was made to stud\' induced 
petechial formation. This h'pe of pro- 
cedure pro\'ided a crude evaluation of 
post-radiation hemorrhagic tendencies. 
In brief, it can be stated that the nitin- 
treated dogs e.xhibited fewer and small- 


^ Obtained in generous quantities from the Eastern Regional Research Laboraton,', U. S. 
Dcp.artment of .Agriculture, Philadelphia, Pennsylvania, through the courtesy of Dr. J. F. Couch 
and also the Abbott Laboratories, North Chicago, Illinois. 
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er induced petechiae than the untreated 
dogs, 

3. Coagulation time. Neither the 
prothrombin nor fibrinogen appeared 
to be depleted in irradiated dogs, al- 
though there was a minor prolongation 
of die whole blood clotting time.- The 


drawn venous blood from dogs was 
placed into tubes and the coagulation 
time determined.*® The clotting time 
before irradiation varied in individuals 
from 6 to 12 minutes (mean 9) and 
in the terminal state from 6 to 50 
minutes (mean 18). There was a crude 


TABLE l.-THE INFLUENCE OF RUTIN ON IRRADIATED DOGS (350 r) 



Number of Dogs 

Mortality 

Survival(a) 

Post-Radiation 

Exhibiting 
Gross Bleedmg(b) 

Showing Petechiae 


at start 

survived 

per cent 

average 

days 

range 

days 

per cent 

per cent 

Control 

Rutin- 

Treated 

37 

15 

60 

20 

13-30 

64 

84 

Group 1(c) 

27 

24 

11 

21 

16-31 

22 

22 

Group 2(d) 

6 

4 

33 

16 

14-18 

68 

50 

Group 3(e) 

5 

1 

80 

16 

13-20 

40 

100 

Group 4(f) 

5 

2 

60 

18 

11-28 

40 

80 


a. Calculated from the animals which succumbed. 

b. Bleeding from the gingival surfaces, or any of the orifices, nasal, oral or vaginal or hema- 
toma formation. 

c. Group 1. 50 mg. rutin, 3 times daily, was given for 7 days before as well as after 
irradiation. 

d. Group 2. 50 mg. rutin, 3 times daily, was given for only 7 days before irradiation. 

e. Group 3. 150 mg. rutin, 3 times daily, was given beginning the second day after 
irradiation. 

f. Group 4. 400 mg. rutin, 3 times daily, was given beginning the day after irradiation. 
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relationship of coagulation time to the The coagulation time of dogs receiving 
hemorrhagic tendency, but at least one rutin was similar to that of control 
animal succumbed to a “hemorrhagic dogs. 

death" with the coagulation time identi- 4. Hematological changes. The char- 
cal with that obtained pre-radiation, acteristic changes in the peripheral 
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blood of dogs exposed to 350 r are 
given in Figures 1-10, and the findings 
troni dogs treated with rutin are given 
in the same figures. Each curve repre- 
sents the means obtained either from 
the total or surviving dogs in each 
group. 

To summarize the hematological re- 
sults: a. The thrombocytopenia (Fig. 
1) and leukopenia (Fig. 2) of both 
control and rutin-treated dogs were 
identical. 

b. Similarily, the comparative curves 
of die total neutrophil and lymphocyte 
elements exhibited no significant dif- 
ferences. Also there were no signifi- 
cant differences in the quantity of 
eosinophils or basophils. 

c. The comparative estimation of 
monocytic and myelocytic elements is 
given in Figs. 3 and 4. The myelocytes 
of the control dogs were increased from 
the normal of zero to almost 1% 
between the Sth and 20th days post- 
radiation. Also, the leukoblast forms 
and monocytic cells of the control dogs 
were significantly increased about this 
time. 


d. The erythrocyte count and cor- 
responding liemoglobin of the rutin- 
treated dogs declined significantly less 
rapidly than the control irradiated dogs 
until approximately the 33rd day post- 
radiation (Fig. 5). After this day the 
tendency towards restoration of normal 
levels was somewhat greater in the 
untreated dogs. 

e. The erj'throblasts in the blood of 
the rutin-treated dogs (Fig. 6) were 
significantly more numerous than those 
in the blood of the control dogs from 
about the 21st to the 43rd post-radia- 
tion days. A corresponding increase in 
the nucleated red blood cells also was 
seen in the mtin-treated animals from 
about the 21st to the 47th post-radia- 
tion days (Fig. 7). 

f. An increase in the basophilic stip- 
pling of the red blood cells of the un- 
treated dogs u'as obser\'ed behveen tlic 
21st and 47th days. The reticulocytes 
of botl) rutin-treated and control dogs 
were similar until between the 39th and 
60th days when the count in the surviv- 
ing control dogs was significantly in- 
creased (Fig. 8). 
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g. Although there was no great dif- 
ference in degree of anisocytosis of the 
red cell elements, it would appear that 
there was some increase in the degree 
of poikilocytosis in the control dogs 


(Fig. 9) during most of the post-radi- 
ation period. 

h. The corrected sedimentation rate 
of tlie red cells is given in Fig. 10. Al- 
though the sedimentation rate of both 
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rutin-treated and control dogs was 
shown to increase rapidly in tlie post- 
radiated state, the increase of tlie con- 
trol dogs was tlie greater. 

5. Fost-moHem examination. All 


animals which succumbed from the 
effects of irradiation were grossly 
similar and it was impossible to distin- 
guish the 3 rutin-treated dogs that died 
from the 22 untreated dogs. Common 
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'I'ABLE 2.-URINARY EXCRETION OF RUTIN WHEN 100 MG. WAS FED 3 TIMES DAILY 


Dog 1 


Dog 2 


Days after start 

Itiilin in Urine 

Days after start 

Knlin in t'rine 

of feeding 

nig/24 hours 

of feeding 

mg 2-1 Iiotirs 

Pre-radiation 1-2 

0.0 

Pro-radiation 1 -2 

D.O 

3-5 

0.5 

3-5 

0.8 

goo 

0.3 

6-9 

2.4 

700 

2.1 

10* 

l.S 

8 

8.0 

11-14 

5.8 

9 

2.7 

15*® 

3.3 

Post-rad iationf 11-21 

2.0 

16** 

5.7 

22®* 

1.7 

17* 

2.8 

23** 

7.8 

18 

7.0 

24 

3.9 

19 

4.1 

25 

6.2 

20 

26.6 

29 

0.0 

Post-radiation f 21-25 

2.6 

32 

1.8 

29 

0.0 

35-50 

0.3 

31 

1.8 



35-39 

0.0 



42 

.5.3 



45-50 

0.1 


* Supplementary feeding of 5 gm. rutin. 

Supplementary' feeding of 1.4 gm. rutin, 
f 350 r single dose total body irradiation. 


irradiation syndrome made a bacterio- 
logical survey imperative. 

Under aseptic conditions, routine 
blood samples were withdrawn from all 
irradiated dogs at frequent intervals 
and in the tenninal state. Post-mortem 
samples were taken aseptically from the 
heart. The blood was cultured in a 
variet}'’ of nutrient media under both 
aerobic and anerobic conditions. 

No detectable differences were ob- 
served in the frequency or t)'pe of 
septicemia between the flaA'onol-treated 
dogs and the untreated dogs. For this 
reason, the data from all blood cultures 
to date were pooled (Table 3). The 
organisms isolated and their frequency 
were: Clostridium welchii (16 times), 
hemolytic streptococcus (7), anerobic 
gram-positive rod forms (5), B. coli 
(4), Staph, albus (3.) and unidentified 
gram-negative rod forms (3); obtained 
twice each were B. subtilis and Clostri- 
dium fallax; and obtained once each 
were Staph, aureus, B. pyoex'aneus. 
an unidentified staphylococcus, an 
unidentified diphtheroid form, an un- 
identified hemophilus organism and a 
gram-positive aerobic rod. 


TABLE 3.-A SURVEY OF BLOOD CUL- 
TURES TAKEN FROM IRRADIATED 
DOGS 

Positive Total 'Jc Positive 

Pre-radialion 0 25 0 

Post-radiation 7 114 6.1 

0- 7 days 5 70 7.1* 

8-30 days 25 280 8.9 

7 86 s.r 

48 hours pre-mortem 13 28 46.4 

24 hours pre-mortem 13 21 61.9** 

* Data from dogs eventually succumbing 
to irradiation toxicity abstracted from the 
total number. 

°* These data confirm the observations of 
Warren and M^hipplc-’*" n’hich demonstrated 
that direct .v-irradiation to the abdomen pro- 
duces destniction of the intestinal cpitliclium. 
but a bacterial invasion of tissues. lymph or 
blood by bacteria docs not occur until the 
agonal state. This situation, as they point out, 
is quite common to other conditions. 

Effect of whole hochj irradiation on 
the fragditij of the red blood cells. 
The rate at which anemia dcx eloped in 
the dogs continuouslv treated witli 
rutin was significantiv less than in the 
control dogs following whole body 
exposure to 350 r irradiation (Fig. 5). 
A suggestion was entertained that the 
red cell membrane is weakened in 
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irradiated dogs, producing some disin- 
tegration in vivo.^^ This was investigat- 
ed by examining the resistance of 
erythrocytes from irradiated dogs to 
induced hemolysis. In the procedure 
adopted duplicate determinations were 
made with saline solutions differing 
from tube to tube by 0.02%, and the 
end point of hemolysis was determined 
with a photoelectric colorimeter.^’* 
Serial determinations of blood samples 
withdrawn from a variety of normal 
non-radiated and irradiated dogs, many 
in the terminal state with profound 
purpuric manifestations, consistently 
provided cell lysis beginning at 0.40 
and completed at about 0.30% saline 
solution with no differences between 
irradiated and non-radiated dogs. 

Discussion. An appreciation of the 
action of flavonols in the irradiated dog 
provokes an acknowledgment of the 
uncertainty surrounding the irradiation 
disease. As yet,, there is no agreement 
as to tlie individual significance of 
sepsis, hemorrhage or the nondescript 
toxic action of irradiation products in 
the terminal course.-®'-"'-®’^®-^" In cer- 
tain irradiated animals there is little 
question of the terminal role of hem- 
orrhage into vital organs.^-'^-®'*’'"®'-’’'®^'®® 
In others where this was less obvious, 
it has been convenient to attribute the 
exitus to the effects of sepsis.®^ Finally, 
there are those animals who succumb 
before either hemorrhage or sepsis 
could be e.xpected and these do not 
exhiliit any obvious understandable 
cause of death. 

Tlie significant reduction in the 
hemorrhagic diathesis seen in the 350 r 
irradiated dogs treated pre- and post- 
radiation with rutin suggests that 
through reducing the hemorrliagic tend- 
cncv the glucoside e.xerts its sparing 
action on the predictable rate of mor- 
talitv. Tlie failure of rutin to spare dogs 
treated after irradiation requires some 
consideration. Data from this report 
suggest that the dog is relatively un- 


saturated in regard to the flavonol as 
measured by a lapse of several days 
before rutin can be detected in the 
urine. Apparently, during tlie pre-radi- 
ation period the dog is able to saturate 
itself, and presumably this provides for 
maintenance or repair of an altered 
vascular system. This would explain 
the partial effectiveness of giving rutin 
even in relatively small doses of 50 mg. 
3 times daily for 1 week up to the 
time of irradiation, but not after. In 
the face of decreased alimentar)’ ab- 
sorption following irradiation^'®® it is 
probable that the rutin available after 
oral administration would be limited, 
and thus it cannot exert its maximum 
therapeutic effect. The failure of rutin 
to alter the increased lethal effects of 
450 r irradiation in dogs is at the 
moment a matter of conjecture. It 
appears, however, that rutin controls 
the hemorrhagic tendency which is a 
predominant factor in mortality in mid- 
lethal irradiation (350 r). At higher 
doses hemorrhage appears to be less 
responsible than a generalized intoxi- 
cation for death. It is this non-specific 
reaction which is the primar)' cause of 
mortality in acutely irradiated rats, 
mice and guinea pigs in which rutin 
offers little or no protection.'® 

Since .the flai*onol glucosides have 
been shoum to have antibiotic ac- 
tivitw®-®'' it is necessan’ to consider the 
role the drug would play in combating 
the sepsis which follows irradiation. 
Terminal septicemia following irradia- 
tion was e.xliibited in no more than 62% 
of dogs so studied, and it appears un- 
likely that nitin antibiosis would 
significantly benefit the survival rate. 

Allen and Jacobson''® have recently 
reported that the level of heparin or a 
heparin-like agent in the blood of 
irradiated dogs was increased, and to 
this was attributed the hemorrhagic 
manifestations. The injection of such 
antiheparin agents as toluidine blue and 
protamine temporarily restored the 
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Pboetz^® and Poison®® among others 
have presented evidence which indi- 
cates that swelling of the turbinates, 
obstruction and hypersecretion in the 
nose, from whatever cause, may pre- 
dispose the individual to “common 
cold”, as well as to more chronic, re- 
current disorders of the nasal and para- 
nasal spaces including sinusitis. 

Dochez and his associates® have ad- 
duced strong evidence to indicate that 
this process of nasal hyperfunction is 
often initiated by a filterable virus with 
the ultimate production of a typical 
“common cold”. On the otlier hand, the 
work of other observers'-®’^® has indi- 
cated that \’iruses are not responsible 
for all such reactions of nasal hyper- 
function. Other sb'muli and situations 
which have been obser\’ed to provoke 
\ascular engorgement, swelling, hj-per- 
.secretion and obstruction in the nose 
are: inhalation of irritant dusts and 
chemicah fumes'®-®', bright lights®®, 
chilling of the body surface'®-®®-®®, in- 
halation of pollens and the otlier sub- 
stances to which the subject is “sensi- 
tive”"-®', menstruation and preg- 


nancy®®-®', se,vual e-vcitement"^'®®-®®, and 
life experiences which engender in- 
security and conflict'-®'-®®. 

In an attempt to illuminate further 
the role of nasal hyperfunction in the 
natural history of chronic nasal disor- 
ders, man and his nose were investi- 
gated as a unit. Cognizance was taken 
not only of changes observed in nasal 
function, but also of the life setting in 
which tliese alterations in nasal func- 
tion occurred, attention being focused 
on the emotional reactions, attitudes 
and behavior of the individual. Some 
of the observations and conclusions 
evohi'ng from this method of clinical 
investigation are detailed in this com- 
munication. Some have been presented 
elsewhere'®-®® and a more detailed and 
comprehensive report has been assem- 
bled as a monograph'®, 

Meltiod. Observalions were made from 1 to 
7 times weekly and for periods lasting from 1 
to 8 montlis on 112 subjects, varying in age 
from 13 to 60 years. They were e.vamined 
under uniform conditions at approximately 
the same lime each day. 

Examination of Nasal Structures. A warmed 
nasal speculum illuminated by reflected light 


® Supported in part by grants from the Commonwealth Fund and the estate of Lester X. 
Hoflicimer. 
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holmes, GOODELL, M'OLF, ■\volff: common nasal disokueus 

periods of mucosal hyperemia and times developed the qualit)- ot a burn- 
swelling occurring in response to life ing pain of 1 to 2 plus intensity, in- 
situations engendering conflict, witli creased by forced inspiration to 4 pins 
anxiety and resentment^®. The subjects intensity. There occurred, usually with 
were aware, during such periods, of the burning pain, a dull aching pain 
discomfort in both nostrils which at deep under the bridge of the nose of 1 



AUGUST 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 

< MOTHER-IN-LAW > i RELATIVE > 

SITUATION SECURITY 

MOUNTING TENSION 

Fio. 1.— Nasal ciianges during periods of an\icly and conflict regarding the activities of .in 
officious inotlier-in-Li\v and thrc.it to subject’s independence. 



Fio. 2.— Distribution of p.iin during jx-riods of stress. A, associated ssitli brief periods of swelling 
.ind reddening of the turbin.ites incre.Lsed secretion and obstruction predoinin.intlv on the right. 
15. associ.ited with sust.iiiied swelling and reddening on the right (during an att.ick diagnosed 
.IS ‘'sinusitis") with photophobia, lacriin.ition, congestion of the conjunctis.i on the right, and 
liiishing of the w hole f.ice. 'rhere w ,is some intense err theiria and "h_\ per.ilgesi.i" os er the 7S gorii.i. 
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to 4 plus intensity, which was expe- 
rienced as well in the orbits, the 
upper teeth, and along the zygomata. 
The pain was most often unilateral, 
occurring on the side of the swollen 
nasal structures. When the swelling 
shifted to the opposite nasal cavity, the 
pain correspondingly changed position. 
When, in a setting provocative of con- 
flict and anxiety, nasal hyperfunction 
was marked and prolonged for days or 
weeks, pain occurred bilaterally over 
the face in tlie location described. Pain 
was intensified by bright lights and a 
tight collar. It was worse during the 
working day, increased during periods 
of stress, and was less intense in the 


impulses responsible for “sinus head- 
ache”. Further, noxious slimulation of 
these intranasal structures caused 
spread of pain into the areas of the 
head, as represented in Fig 2. As 
previously observed in tlie .skin'”, 
stomaclF'^ and bladdei””. the swollen, 
hyperemic mucous membrane of, the 
nose was often found to be accom- 
panied by a lowering of the pain thre.sh- 

old's. 

Nasal Exudate and Pus Cclh. Observation 
2. The same 25 year old physician describe'! 
abov'e had presented for evaluation the 
results of his recent inx’cstigations. llis senior 
associate expressed dissatisfaction with the 
arrangement of the material and was un- 
sympathetic with the formulation. Tiic suii- 



INTERVIEV/ FEELING SECURE 


Fig. 3.— Neutrophilic re.action with hypersecretion and obstruction to breathing in the nose 
accompanying feelings of resentment, frustration and humiliation during interview of a physi- 
cian with his senior associate. 


early moruing and late evening. When 
the pain became relativ'eh^ intense, 
superficial and deep hyperalgesia de- 
veloped in areas of spread of pain, 
along with photophobia and injection 
of the sclera on the same side. These 
S)unptoms were not dependent for 
their occurrence on dejuonstrable 
pathological involvement of the para- 
nasal spaces. 

Evidence has been presented ekse- 
where^® demonstrating that the ostia, 
ducts and turbinates in the nose are far 
more pain-sensitive than are the linings 
of the sinuses themseb’es. and are the 
site of origin for most of the no.xious 


ject, reacting to this situation with resent- 
ment and feelings of fnistration and humilii- 
tion, again developed nasal obstruction and 
In'pcrsccrelion. (Fig. 3.) The secretion wa^ 
thick, s'iscid and gra)'-ycllow in appearance 
and contained a large number of neutrophils 
as compared with previous control obscr\'a- 
tfons. The neutrophils diminished in number 
and the nasal hyperfunction subsided one 
hour after the inten'iew, as the subject became 
relaxed and regained relative securitx. 

Eosinophil Response in tJw Nasal Secre- 
tions. Observation 3. .-V 36 ve.ir old white 
male college graduate and beer salesman 
suffered from chronic v.iso-notor rhinitis. 
During an interview which occurred in a 
setting of an acute reactive depression, frank 
wcepinsi cnsticd on sever.al occasion' as he 
discus.scd Ins difficulties with intcrpf'rsonal 
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relative!)' normal appearance. The color of the 
mucous membrane was 40, secretion was 
minimal and both lower turbinates appeared 


slightl)' violaceous. There was 2 plus swelling 
and obstruction on tlie right and 3 phts 
swelling and obstruction on the left. Im- 




Fin. 5.— Biops)' from the nasal mucous membrane of a 36 year old male with chronic vasomotor 
iliinitis before and after inten'icw engendering nasal hyperfunction and conflict (See Obs. 4). 

A. Biops^' of the left low’cr turbinate obtained before inten’ieu' when nasal function \%’as wthin 
a\'erage limits. Section shows low grade clnonic inflammation, relati'vcl)' undilated vascular and 
lymphatic channels, and compact, quiescent mucous glands. There is no edema of the stroina. 

B. Biops)' of the right lower turbinate obtained 1 hour after tlic biops)’ in (A) above, at me 
point of ma.vimal nasal Imrerfunction accompamang verge of tears and feelings of conflict. 
Section shows prominent, dilated vascular and Kinpliatic channels, active mucous glands con- 
taining masses of stagnated secretion, and edema, as indicated by the lighter value of the 

stroma, (x 200, Masson’s Trichromc Stain.) 
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mediately after this obsers-ation a biopsy® was 
made of the left lower turbinate under local 
10^ cocaine anesthesia. As shown in Fig. 5A, 
the section revealed essentially normal 
mucosal structure with a moderate round cell 
infiltration. During the nest hour, as the sub- 
ject discussed his lack of success in his job, 
his inadequate se.\-ual adjustment and inability 
to assume his responsibilities as a husband 
and father, and his difficulties with his 
father-in-law, he became restless and agitated 
and approached the “verge of fears . His 
feelings were those of resentment, frustration, 


be prominent and dilated. The lighter strom.i 
was indicah've of edema. 

Comment. It then became apparent 
tliat when tlie pattern of nasal lij'per- 
function, which is designed for "short 
term use, is sustained and intense, 
pathological tissue changes may en- 
sue. Thus the maintenance of persist- 
ent nasal hyperfunction proves a costl)’ 
and inappropriate way to deal with 


i RHINITIS > 



Fir,, fi — A. Hvpcremia, hypersecretion and .swelling in the left nasal cavity following left 
stellate ganglion blocks with 2" procaine. B. Production of “hayfever rhinitis" following intro- 
duction of 2 mg. niived rag weed pollen on to the acutely and intensely hyperfunctioning 
mucous nicmlirane in the left nasal cavity. N'ote that hj-pcrfunction in the right n.isal cavity 
following introduction of pollen was delayed in its appearance and of loss' intensity. 


Immiliation and guilt. At this point, 1 hour 
after the first hiopss', csamin.ilion res-calcd 
the mucous membrane in the right nas.sl 
c.ivits' to lie deep violaceous red (70)' with 
1 plus swelling, secretion and ohstnielion. A 
second hiopsv ss.is then oht.iincd under local 
lO'^V cocaine” ans-sthesia from the right loss-er 
lurhinate. As sliosvn m Figire .5B it rese.iU'd 
the mucous glands to lie filled witli secretion 
and the sascular and lymphatic channels to 


advensc life situation.s. 

2. .\'i:un.\i- .\Ikciiams\is or .\asai, Hsi’iii- 
rt'.vcTiov IV Bi.srovsi; to Tiim.Ars 
A\T> Assaui.ts ov Bonii.s Ivti'chits, SoujI 
Ftmclicn Fnllottin^ fSrief Unilateral Htellate 
Cdng/inn Black. Olncrvatian .7. Follossing 
smtahle control ohsers.itions on rias.il fnnt- 
fion (Fig. (i), B ce. of 2" proe.mie ss.is 
injected into the left sl.all.ile g.mghonl of 


® W'v are indebted to Dr. Cenais Ward McAuliffe. Associate Professor of Chnic.il Siirgf rs 
(Otolarsiigologv), Coniel! Unisersits Medical College, for piTforrmng the biopsy and to Dr. 
Nathan 'cii.mdl'er Foot, Professor of Ssitgisral Pathology. Cornell Unisersits Mrdical Oillege. 
for the preparation and interpretation of the micri/scopic sections. 

J We are indebted to Dr. Bronson S. Has, Professor o! Clinieil .Snrgers, Omn i! Unisersits 
.Medical College, for paforming tlic surgical proccduri's. 
f Degree of color. 
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a 58 year old negro male who suffered from 
seasonal hay fe\'er. Accompanying the other 
objective ; signs ot the unilateral Horner’s 
syndrome which resulted were hyperemia, 
swelling, hypersecretion, with moderate ob- 
struction to breathing in the left nasal caviU' 
(Fig. 6). 

Comment. This observation suggests 
that impulses mediated by cholinergic 
fibers in the greater superfieial petrosal 
nerve are responsible for the produe- 
tion of the pattern of nasal hyperfunc- 
tion described in this report and is in 
agreement with the work of other 
investigators®''^’®-'’. 

Effect of Sustained Noxious Stimulation on 
the Already Hyperfunctioning Nasal Ahtcosa. 
Observation 6. At the point of maximal nasal 
hyperfunction 20 minutes after the stellate 
block described above (Fig. 6A), 2 mg. mixed 
ragweed pollen were introduced into each 
nasal chamber. The response of additional 
hyperemia, swelling, hypersecretion and ob- 
struction on the left side was intense and 
dramatic and tlie symptoms produced in the 
left nasal cavity were those of “hay fever” 
(Fig, 6B). In tile right nasal chamber, how- 
ever, the hyperfunction was delayed in its 
appearance and was not of sufficient magni- 
tude to produce symptoms. 

Comment. This experiment indicates 
that during the phase of intense nasal 
hyperfunction induced by stellate gan- 
glion block, the functionally altered 
mucous membrane reacts promptly 
and vigorously to contact with a 
noxious agent, culminating in frank 
manifestations of nasal disease. On the 
other hand, tlie introduction of pollen 
into tlie functionally intact mucous 
membrane in tlie absence of pre- 
existing hyperfunction, even in a 
known “liay fever” sufferer, induced 
only a transient hyperfunction which 
was well tolerated. 

Recurrent and Chronic Rhinitis 
Occurring in a Life Setting Provocative 
of Conflict, Anxiety, Resentment and 
Insecurity. From the study of 100 
patients with chronic recurrent nasal 
disorders, it was possible to establish in 
many a close correlation between the 


occurence of symptoms and certain 
life situations giving rise to conflict 
witli anxiety, resentment and frustra- 
tion. The following case histors- is a 
representative example. 

Observation 7. A 27 year old married house- 
wife with a long standing history of “nose 
trouble” complained of nasal obstruction, 
sneezing and profuse water)' nasal discharge 
most severe during the preceding 7 months. 

At the age of 3, her parents died of pul- 
monary tuberculosis and her childhood under 
the supervision of a series of responsible but 
unaffectionate relatives was remarkable for 
the lack of stability and continuity in care. 
Aged 5, she was adopted by a “highly 
educated”, driving couple who were enthu- 
siastically interested in tne betterment of their 
community and given to lively arguments, not 
only about the child’s care but about other 
topics of mutual concern. Also living in the 
household was an older daughter and a 
kindly, gentle physician. The latter was the 
only one who freely gave affection to the 
patient and he soon became a signific.ant 
symbol of security to her. 

Altliough her general health was good, the 
patient had, throughout her childhood, fre- 
quent “head colds”. Her first serious attack 
of nasal disease occurred at age 20 when her 
friend and confidant, the elderly physician, 
died. She reacted to his loss with feelings of 
intense grief accompanied by weeping. She 
felt deserted and became fearful of losing 
others whom she loved. Again, 1 year later, 
an e.xacerbation of nasal svanptoms occurred 
in the setting of a family argument which 
engendered in the patient intense feelincs of 
insecurit)’ and considerable anxiety' and re- 
sentment concerning tlie instability' of her 
home and family. Following this attack she 
undersvent a submucous resection. 

She married, \sitli her parents’ appro%'al, 
shortly after her graduation from college, and 
in the security and tranquillity of her own 
home she remained free from symptoms. Her 
first pregnancy, 18 montlis later, was un- 
eventful and (luring the antepartum period 
she enjoyed tlie unqualified “support” of both 
her husband and her obstetrician. 

The last attack of severe nasal <^mptoms 
began during the third montli of her second 
pregnanev when another obstetrici:in told her 
that she liad “heart trouble”, that she would 
have to be “watched closely”, and that her 
circulatory disorder would preclude the uce 
of general anestlictic during delivery. At 
about the same time her husband enlisted 
in the Xai-y. Symptoms continued un.ibated 
throughout the pregnancy. Her labor was 
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long, the deliver}' dilBcuU and she became 
intensely resentful of tlie obstetrician whom 
she felt had allowed her to suffer un- 
necessarily. Two days after her return home 
from the hospital, her husband reported for 
active duty and she felt lonely, deserted, 
frustrated and tearful, and her nasal s)'mp- 
toms became incapacitating. 

E.\-amination of her nose in March, 1944, 
revealed the nasal mucosa to be a deep red 
color (80) srith 3 to 4 plus swelling, secre- 
tion and obstruction. 


witliout nasal complaints for more than 3 
years. The coincidence of situational tlircats 
and nasal disturbances in tins patient is 
illustrated graphically in Fig. 7. 

In many of the subjects studied the 
nasal changes w’ere ultimately asso- 
ciated with chronic infection and polyp 
formation. 

General Comment and Formulation. 
From the available data, samples of 
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Fin. 7.— Life ch.irl illustrating coincidence of situational threats and nasal disfurh.inces in an 
insecure, anxious voiii.in. Tlie black bars at the right iiidit.ile the occurrence, cliiralion and 

intensity of troublcscmic sxmptoins. 


Evcntii.-iHy, during subsequent clinic x^isits, 
she was able to relate lier fe.ir of desertion to 
her cbildliood experiences and these fears to 
her sxTnptoms. .'Vs this understanding was 
achieved, her n.asa! sjuiptoms gradually sub- 
sided. By January, 1915, she xvas not only 
sxTnplom free and e.Tectixelv fulfilling her 
role as xsife .ind mother, hut lier nasal struc- 
tures Were of average appearance-redness 30 
!o 40, 2 plus sxs filing. 1 plus secretion and 
no obstruction. She remained essentially 


which liax'c been presciitcd in this 
communication, if would appear that 
the nasal hyperfunction characterized 
b\' hs peremia of the nasal rnneosa asso- 
ciated with turgcscence of the erectile 
tissues in the turbinates, swelling of 
the nasal mucosa, hypersecretion and 
obslmction to breathing, coristitntcs a 
part of a broad biologic protective 



HOLMES, GOODELL, M'OLF, -WOLFF; COMMON NASAL DISOUDEHS 


pattern of defense. Sinee respiration 
consists of an in and out circulation of 
air through the respiratory passages, 
the “shutting out” pattern of nasal 
hyperfunction thus involves equally a 
“shutting in”. In effect, the individual 
diminishes his exchanges with his en- 
vironment and limits the extent of his 
participation in the situation about 
him. Thus insulated, he takes in less 
and gives out less. 

Subjects e.xhibiting this “shutting out 
—shutting in” pattern of non-partici- 
pation have been studied^ ^ and were 
found to be defensive, insecure, sensi- 
tive and dependent individuals who 
talk with difficulty about relevant 
personal matters and seldom take 
positive steps to impro\^e their state. 
They required a lively show of love 
and affection on the part of others 
but were unable to return significant 
amounts of sympathy, wannth and 
affection. In many who were deprived 
of devotion and tenderness in early 
life, extents which threatened such 
emotional support in later life often 
induced an exacerbation of tlie de- 
fensive reaction of nasal hyperfunction. 
Such individuals- were quick to react 
to threatening situations with feelings 
of intense humiliation and many of 
their attitudes and behavior patterns 
were designed to protect their sensitive 
feelings by “keeping the peace”, 
“avoiding issues” and “doing for 
others”. When their precarious se- 
curity props were jeopardized, the 
content of the ensuing state of con- 
flict included in addition to humili- 
ation, intense resentment, frustation 
and guilt. They were often unable to 
admit or express feelings of hostility 
or anger but ratlier resorted to weep- 
ing or aggressh*e and desperate cling- 
ing to tliat which offered security. 

Shutting out, neutralizing and wash- 
ing awax^ in the nose seems to imply 
defensive actix’itv at the head end of 

j 

the organism. During xveeping tlie eyes 


participate in the pattern. In some 
patients obstruction of the esophagus 
and in odiers constriction of the 
bronchi hax'e been observed to occur 
in response to situations engendering 
conflict xvith anxiety and nasal hyper- 
function^"’. The xx'ork of Faulkner and 
of Stexvart Wolf’’'^' proxndes further 
conxdncing ex'idence tliat tlie bronchi 
and esophagus participate in tlie shut- 
ting out, non-participation pattern of 
defense. Thus, the respiratory appa- 
ratus' and upper alimentary tract, the 
orbital and skeletal muscle structures 
of the head may act as a unit of 
function in shutting out, xva.shing 
axx^ay and neutralizing an environnicnt 
that is literally or symbolicallv noxious. 

The pattern of nasal hyperfunction 
xxnth hyperemia, sxx^elling, lijqiersecre- 
tion and obsh-uction, is effective in 
keeping out of tlie body dust and 
irritant gases. It is less effecb've, hoxv- 
ex'er, in protection against bloxx-^s to the 
head or situational threats involving 
interpersonal relations, such as hostility 
of a parent or marital partner. Indeed, 
if prolonged, the pattern itself may 
lead to distress in addition to tliat 
arising from a threatening life situation. 

Hyperemia, hypersecretion and 
sxx'elling occurring in a mucous mem- 
brane tiiat is already hxqierfunctioning 
can produce pathologic tissue changes. 
The edematous and chronically in- 
flamed h^qierfunctioning nasal mucosa 
can no longer tolerate or deal ade- 
quately xxntli tlie insults of such noxious- 
agents as pollens or irritant chemical 
fumes xvithout the advent of additional 
hyperfunction of sufficient magnitude 
to induce the signs and symptoms of a 
‘Vasomotor rhinitis” and additional 
tissue damage. Indeed, such an altered 
nasal mucous membrane soon becomes 
unable to tolerate the additional hyper- 
function induced bx" such ordinarily 
innocuous assaults as cold atmosphere, 
cutaneous chilling, dust or bright lights 

O O w 

xx’itliout sAmptoms. 



20 


HOLMES, GOOHELL, M'OLE, IVOLEI’: COAfMOX NASAL DISOIIDEKS 


Furthermore, as with otlier ducts and 
cavities in the body, the presence of 
chronic obstruction and loculation of 
secretion in the nasal cavities may 
favor tlie invasion and growth of 
microorganisms. Once it lias' become 
established, the infective process can 
prolong tlie period of morbid changes 
in the nasal and paranasal .spaces and 
lead to serious disea.se and incapacit)' 
which may persist long after the pre- 
cipitating emotional conflict has been 
resolved. 

It is not implied from these obser- 
vations that all nasal disease stems di- 
rectly from situations involving diffi- 
culties in inteqjcrsonal and social ad- 
justments. There are certainl}' other 
major factors svhich set in motion the 
chain of events described. However, 
situational tlireats involving inter- 
personal and social adjustments occu- 
py a position of importance and 
may modify the course of the morbid 
process regardless of the precipitating 
incident. 

Summary. 1. Life situations pro- 
ductive of conflict with an.xiet}', hos- 
tility, guilt and feelings of frustation 
and resentment were commonly 
accompanied by nasal h)'perfunction 
with hyperemia, swelling of the nasal 
mucosa, h}'persecretion and obstruc- 
tion to breathing in the nose. 

2. There was also obsers^ed an as- 
sociated pyogenic-like reaction widi 


an increase in the neutrophil and 
eosinophil content of nasal secretions. 

3. Biopsy obtained under these 
circumstances revealed edema of the 
stroma, dilated vascular and lymphat- 
ic channels and hypersecretion of the 
mucous glands. 

4. Cholinergic impulses to the 
nasal mucous membranes, probably 
transmitted by the greater superficial 
petrosal nen’e, are responsible for the 
production of the nasal hyper- 
function. 

5. The pattern appears to represent 
an attempt on the part of the organ- 
ism to protect itself by shutting out, 
neutralizing and washing away an 
environment that is literall)' or sym- 
bolically no.vious. 

6. Nasal pain of 2 t)'pes commonly 
accompanied the nasal h}'perfunc- 
tion: 1, a burning pain located in one 
or both nostrils; and, 2, a dull, aching 
pain deep under the bridge of the 
nose and often e.vperienced over the 
zygoma, in and abo\’e the eye, in the 
temple, upper teeth and ear. Infection 
of the nasal or paranasal spaces was 
not a necessar)' prerequisite for pain. 

7. MTien such a pattern is unduly 
sustained, pathological changes occur 
which give rise to or prolong trouble- 
some sjTmptoms and, especially when 
coupled until other noxious threats 
and assaults, become important to the 
pathogenesis of chronic nasal disease. 
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Various iin'estigators lia\'e found an 
apparent increase in the prothrombin 
activit)' of blood under certain condi- 
tions. B)' means of tlie 1 stage assay 
method of Quick, shortened protlirom- 
bin times of whole plasma, and more 
consistently,- of diluted plasma, have 
been reported to occur during tlie post- 
operative period,^'* in tlie course of 
thrombophlebitis,^*' following coronarj' 
occlusion,^*’ in the early stage of in- 
fectious hepatitis,^- and after the ad- 
ministration of xanthine derivatives^^ 
or large doses of vitamin K prepara- 
tions.^® Prothrombin assay in pregnan- 
cy, by either the 1 stage method or tlie 
2 stage method of Warner, Brinkhous 
and Smith,-® has produced conflicting 
results. Using the 1 stage method, 
Brambel and Loker,^ and Norris, ef 
aU’^ noted acceleration of the pro- 
thrombin time, mainly in plasma di- 
luted 1 to 4 and 1 to 8, in parturient 
women at the time of deliver)'. Field, 
Overman and Baumann^ reported simi- 
lar findings in rats during the last week 
of pregnancy, and also noted increased 
resistance to the prothrombinopenic ef- 
fects of Dicumarol in pregnant and lac- 
tating rats. In studies of pregnant 
women at delivery, using the 2 stage 
prothrombin assay, Shettles, Delfs and 


Heilman'® found variable results, with 
the majority shbw'ing an increased pro- 
thrombin content; Jav'ert and Moore,-® 
in a similar ini'estigation, noted reduc- 
tions below' normal in almost aU their 
cases. Thordarson,'^ w'hose method re- 
sembles the 2 stage assay, found a 
gradual rise in plasma protlirombin 
content during the course of pregnancy 
and a decrease to normal levels after 
the first week post-partum. Of his 112 
cases serial determinations w'ere done 
in only a few'. In the present study, 
changes in prothrombin activity during 
pregnancy and the puerperium w'ere 
observed by performing serial estima- 
tions on individual patients. 

Method. A total of 277 prothrombin de- 
terminations was done at various intervals on 
62 clinic patients; 3 to 10 determinations 
(average, 5.8) were carried out in each of 
41 women, and 1 to 4 determinations in each 
of the remaining 21 women. The method 
used svas the 1 stage prothrombin assay of 
Quick, with modifications introduced by Link 
and Shapiro; the determinations were done on 
12.5% saline-diluted plasma as well as on 
whole plasma. The details of the method 
were identical with those previously outlined, 
and the values for a control group was de- 
termined.2 The range of normal values is 
indicated for both whole and 12.5% diluted 
plasma by the broken lines in Fig. 1. 

Results. Tlie data are outlined in Fig. 


• Present address; Children’s Hospital, Boston, Mass. 

1 Present address: Montefiore Hospital, New York, N. Y. 
(28) 
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1. A consistent trend is evident in the 
diluted plasma prothrombin times of 
tlie group as a whole; tliere is progres- 
sive shortening below the normal range, 
from tlie third month of pregnancy on, 
with shortest times appearing in the 
first few days post-partum. Values ob- 
tained several montlis post-partum 
were uniformly slightly elevated above 
normal. The same trend is present in 


delivery, howe\'er, tlie whole plasma 
prothrombin times are prolonged. One 
patient vdth thrombophlebitis occur- 
ring in the first week post-partum and 
2 with definite histories of phlebitis in 
previous pregnancies (but not in tlie 
present one) showed no differences 
from the remainder of the group. 

Discussion. Tlie changes recorded 
here gain added significance because 



Ohn OF 1 V, TO e kos 

MONTH OF pregnancy CELIVEHY DAYS POST-PARTUM fost-p*btom 


FIG. 1.— Protlirombin times in 62 c.Tses during pregnancy and the post-partum period. 
Dots represent individual delenninations. 

•=12.5!? diluted plasma prothrombin time. 

°=\vbole plasma prothrombin time. 


the course of serial determinations on 
individual jiatients. The whole plasma 
protlirombin times show no significant 
alteration in the a^’erage x'alues, al- 
tliough tliere are a few abnormally 
short times occurring in tlie latter 
montlis of pregnancy and in the first 
week post-partum. Several months after 


of the plasma dilution which occurs 
toward the end of pregnancy and which 
of itself would lengtlien tlie prothrom- 
bin time. While the mechanism of the 
furtlier acceleration of the diluted 
plasma clotting time noted in the first 
few days post-partum remains to be 
elucidated, it may be due to the reduc- 
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tion in plasma volume which follows 
deliverjc 

It has been emphasized by several 
authors that an accelerated prothrom- 
bin time by the 1 stage method need 
not signify an actual hyperprotlirom- 
binemia, as variations in otlier factors 
it! the complex coagulation process may 
influence the clotting times. Although 
the plasma fibrinogen concentration in- 
creases in pregnancy, and increased 
fibrinogen under certain e.xperimenfal 
conditions may accelerate the pro- 
thrombin time (Nitshe, Gerarde and 
Deutsch*^), this appears to be insuffi- 
cient to e.vplain the changes observed 
here. Further data are needed to clarify 
this relationship. A plasma activator 
factor for prothrombin conversion has 
been suggested (Fantl and Nance,^ 
Owren,” XVare and Seegers.^® Variations 
in this prothrombin activator could af- 
fect the results of the 1 stage method, 
and would tend to be more evident in 
diluted plasma. Antithrombin sub- 
stances have been demonstrated in 


plasma, but there is no data as to thsir 
effect on the results of the 1 stage pro- 
thrombin assay. 

If the obseiA'ed changes can be taken 
to signify an increased prothrombin 
“activity” of the blood, it appears that 
such an altered state of the coagulation 
mechanism can exist for a considerable 
time m’thout resulting in clinical 
thrombosis. 

Siimmar>'. In a group of 62 pregnant 
women, the 1 stage prothrombin de- 
termination on 12,5% saline-diluted 
plasma disclosed progressive accelera- 
tion of the clotting time beyond the 
normal range through the course of 
pregnancy, and lasting through the 
first week post-partum. At a later post- 
partum period, tlie prothrombin time 
was somewhat lengthened. Tlie re- 
sults were similar in individual cases 
in whom serial determinations were 
done to those of the group as a whole. 
No significant changes occurred in the 
whole plasma prothrombin time. 


The authors are indebted to Miss Eleanor Perrj’ for technical assistance in this investigabon. 


REFERENCES 

1. Brambel, C. E., and Lokcr, F. F.: Proc. Soc. E.vp. Biol, and Med., 53, 218, 1943. 

2. Cotlove, E„ and Vorzimer, J. J.: Ann. Int. Med., 24, 648, 1946. 

3. F.antI, P., and Nance, M.: Nature, London, 158, 708, 1946. 

4. Field, J. B., Overman, R. S., and Baumann, C. A.: Am. J. Physiol., 137, 509, 1942. 

5. Javert, C. T,, and Moore, R. A.: Am. J. Obst. and Gvn., 40, 1022, 1940. 

6. Nitshe, G. A., Jr., Gerarde, H. W., and Deutsch, H. F.: J. Lab. and Clin. Med., 32, 410, 
1947. 

7. Norris, R. F., and Rush, A.: Surg., Gyn. and Obst., 70, 1006, 1940. 

8. Norris, R. F., and Bennett, M. C.: Surg., Gyn., and Obst., 72, 758, 1941. 

9. Owen, P. A.: Acta Med. Scandinav., Suppl. 194, 1947. 

10. Peters, H. R., Guyther, J. R., and Brambel, C. E.: J. Am. Med. Assn., 130, 398, 1946. 

11. Quick, A. J., Stanley-BrouTi, M., and Bancroft, F. W.: Am. J. Med. Sci., 190, 501, 1935. 

12. Rapoport, S.: Proc. Soc. E.vp. Biol, and Med.. 62, 203, 1946. 

13. Scherf, D., and Schlachman, M.: Am. J. Med.. Sci., 212, 83, 1946. 

14. Shapiro, S., Shenrfn, B., and Gordimer, H.: Ann. Surg., 116. l/o, 1942. 

15. Shapiro, S., and Shenvin, B.: New York State J. Med.. 43, 45. 1943. 

16. Shettles, L. B., Delfs, E., and Heilman, L. M.: Bull. Johns Hop. Hosp.. 6o, 419, 1939. 

17. Thordarson, O.: Klin. Woch., 20, 572, 1941. 

18. Unger, P. N., and Shapiro, S.: T. Clin. Invest., 27, .39. 1943. 

19. Ware, A. G., and Seegers, W. H.: J. Biol. Chem.. 172. 693. 1948 

20. Warner, E. D., Brinkhous, K. M., and Smith, H. P.: Am. J. Phvsiol., 114, 667, 1936. 



ANOMALOUS RIGHT PULMONARY VEIN ENTERLNG THE INFERIOR 
VENA CAVA: IM^O CASES DIAGNOSED DURING LIFE BY 
ANGIOCARDIOGRAPHY AND CARDIAC CATHETERIZATION 

By Chables T. Dotteb, M.D. 

Nobris M. Habdist\', Capt. (MC), USN 

Israel Steinberg, M.D. 

NEW YORK, NEW YORK 

(From the Department of Radiology of The New York Hospital— Cornell Medical Center) 


Anoaialous pulmonaty veins are 
occasionally encountered during tho- 
racotomy or at post-mortem examina- 
tion. The usual anomaly is a varia- 
tion in number from the expected 
paired bilateral vessels. Of more 
interest are anomalous points of 
entry of one or more pulmonary veins 
into sites other than the left atrium. 
These cases may be divided into those 
with partial shunt of the pulmonary 
venous return into tributaries of the 
right heart, and those with total shunt 
of the pulmonaiy venous return into 
the right heart. The latter condition, 
if uncomplicated by other severe 

cardiac anomalies, is dependent upon 
patency of the foramen ovale for life. 
Actually, very few if any individuals 
with total shunt survive beyond the 
first few months of life, and those 
few who have done so have had as- 
sociated anomalies allowing free ad- 
mixture of blood between left and 
right hearts. 

In the literature, Brodv"^ and 

others’ --"-''-” ”-^^ report a total of 133 
cases exhibiting partial (SO cases. 
60.1%) or total (53 cases. 39.9%) 

drainage of pulmonar)' veins into 
tributaries of the right heart. The 
most frequent site was the superior \'ena 
cava (42 cases, 31.5%), ne.xt the right 
atrium (21 cases, 15.8%), and the left 
innominate vein (IS cases. 13.5%). 

Other sites such as the coronarv* sinus, 
a persistent left superior vena cava. 


the inferior vena cava, the portal vein 
and the az)'gos vein accounted for the 
remaining 52 cases. In only 4 cases 
(3.0%) did drainage occur into the 
inferior vena cava.’’-"'’--^'* Right pul- 
monarv veins were found to be 
anomalous about tvwce as often as 
those on the left side. Drainage on 
the left usually was into the left in- 
nominate vein or into a persistent left 
superior vena ca\’a, while on the right, 
the anomalous vein usually entered 
the superior vena ca\’a or the right 
atrium. 

Except for 3 cases observed by 
Brantigan- during pneumonectomy, 
none of the SO reported cases of 
partial shunt of pulmonary veins into 
the right heart was diagnosed ante- 
mortem. Of tlie 4 reported cases of 
anomalous drainage of pulmonary 
venous blood into the inferior vena 
cava, none was diagnosed prior to 
death. We have observed 2 cases of 
this anomalv in adult males where 
modern methods made possible the 
diagnosis during life and without ex- 
ploratory' surgen’. Tlieir clinical re- 
ports follow. 

Clinical .Abslracls. Case 1. A 27-ye.'\r-old 
white male was referred for angiocardiography 
hecanso of a crescent-like shadow in the right 
lower lung field, discovered on routine pre- 
induction chest roentgenogram in 1943. Tlic 
patient was asymptomatic: past and family 
histories were negative. The physic.al examina- 
tion was that of an apparently healthy adult 
male. There were no significant laboratory 

(■31i) 
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lindings. Conventional frontal roentgenogram 
of the ehest (Fig. lA) revealed asymmetry 
of the chest with the ribs more widely 
separated on the left. The heart was shifted 
slightly to the right and its right border 
appeared prominent. Curving downward 
through the lower right lung field was a 
band-like .shadow which widened gradually 
as it descended, paralleling the right atrial 


border. It then turned inward, becoming 
obscured at the right cardio-phrenic angle, 
at which point it measured 24 mm. in width. 
This shadow could not be identified on lateral 
examination and was probably superimposed 
on the cardiac shadow in that projection. An 
angiocardiogram made in the frontal projec- 
tion 3 seconds following the injection of 
contrast material (Fig. IB) revealed some- 



fiG 1. Case I.-{A.) Conventional roentgenogram. Note prominent right heart border and 
crescent-like shadow in right lower lung field. Left interspaces are wder than those on nght 
(B.) Angiocardiogram (retouched), made the same day, film exposed 3 

Note slightly enlarged right ventricle, prominent pulmonary artenes on Ae left as compared 
to tiiose on *e right. Crescent-like shadow in right lower lung field is not opacdied 
C.)^giocardiograJ (retouched), made 8 seconds after injecUon. Le| 

Note opacification of crescent-like shadow, a common vascular trunk drammg the nght lung 
to the region of the inferior vena cava. 
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leaving the right lung field is returned 
to tlie right heart without having 
been able to give up its oxygen to 
the tissues. In both cases, tlie right 
lungs, probably histologically unre- 
markable, are of no functional value 
to the patients. 

Should the shunt be large, it would 
constitute a definite hazard to the 
patient, since die right heart would be 
( theoretically ) forced to move a 
greater than normal minute volume 
of blood, while the left ventricle 
would move less than normal. Right 
ventricular hypertrophy would be ex- 
pected and has been described.’^^ 
Other undesirable factors may be 
present as well as a predisposition to 
right sided cardiac failure. Conant 
and Kurland** cite the case of a pa- 
tient in whom infection of die anoma- 
lously drained lung ran a rapidly fatal 
course, possibly due to the decreased 
blood flow postulated above. Disease 
of die unaffected lung is a doubly 
serious situation since the anomalous- 
ly drained lung is of no functional 
value. Since pneumotiiorax, atelec- 
tasis or surgical removal of the normal 
lung might bring on sudden death, 
since die surgical risk is similar to 
that in a patient with one lung, and 
since the risk of anesthesia is greater, 
dioracic surgery should be carefully 
evaluated. 

Extensive pulmonar)^ function 
studies on individual patients vdll be 
necessar)^ in order to evaluate pos- 
sible therapy for patients such as 
those reported aboi*e. Surgical resto- 
ration of die normal anatomical re- 
lationsliips, die ideal solution, would 
appear to be a more difficult and 
drastic procedure tiian is warranted. 
Similarly, pneumonectomy would 
seem to be indicated only in the 
presence or imminence of right heart 
failure. Tliis is in contrast to the case 
of arteriovenous fistula of die lung, a 
more common and probably a more 


serious condition wherein lobectomy 
or pneumonectomy is indicated.^”-^*’ At 
present, in die absence of criteria for 
pneumonectomy, conservative man- 
agement will suffice. It would seem 
advisable to obseri'e such patients 
routinely in an attempt to reduce die 
incidence of pulmonar)'^ infection. Pa- 
tients in whom anomalous vessels 
drain pulmonar)’^ returning blood into 
tributaries of die right heart from part 
or all of one lung only, and in whom 
the condition has produced definite 
evidence of right sided cardiac strain 
would seem logical candidates for 
pneumonectomy. Combined broncho- 
spirometry and cardiac catheteriza- 
tion can be expected to afford much 
valuable information still lacking. 

The diagnosis of anomalous pul- 
monary veins may be made during 
life by angiocardiography and con- 
firmed by cardiac catheterization. Tlie 
findings by catheterization alone re- 
semble diose of interatrial septal de- 
fect and the differential diagnosis of 
tliese two anomalies must depend 
upon other evidence in most cases. 
In botli of the cases presented here, 
the clue to ultimate diagnosis was 
supplied by abnormal shadows of an 
apparently vascular nature seen in 
conventional roentgenograms. Tlie 
thoracic surgeon can be ex'pected to 
discover anomalous pulmonar)^ venous 
drainage during thoracotom}' in rare 
cases. Angiocardiography is tlie most 
valuable means of diagnosis. 

Conclusions. 1. Anomalous drain- 
age of pulmonar)'^ veins into tlie right 
heart or its tributaries has been dis- 
cussed from the standpoint of tlie 
existing literature, tlie anatomical 
findings, tlie functional abnormalities 
and tlie practical considerations re- 
ferable to certain of tliese cases. 

2. The functional changes consist 
of: (1) an increased right ventricular 
output (as compared to tlie left ven- 
tricular output and to a normal right 


36 KOTTEH, HAJJDISTY, STEINBEUG: ANOMALOUS KIGin' PULMONAIIV VEIN 


ventricular output), with secondary 
right ventricular hypertrophy, (2) 
compensatory increase of pulmonary 
arterial flow to the unaffected areas 
of lung and apparent diminution of 
blood flow to die abnormally drained 
areas, (3) comparative functional in- 
activity of tlie areas so drained. 


3, Two instances of drainage of 
pulmonary veins from the enhre right 
lung into the inferior vena cava have 
been presented. These cases were 
diagnosed during life, utilizing angio- 
cardiography and cardiac catlieteri- 
zation, an achievement not, to our 
knowledge, previously reported. 


Since tliis paper \\’as submitted for publication, Johnson and McRae®* published the report 
of a patient in whom an anomalous right pulmonarj' vein apparently drained into the superior 
vena cava, the diagnosis having been made during life by the methods described in the present 
report. It is anticipated that further such case reports will be fortbeoming. 


Thanks are due Drs. John H. Dale and Roy W. Bonsnes for llieir assistance in connection wth 
the cardiac catheterization study. 
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CLINICAL EVALUATION OF DIRECT WRITLNG 
ELECTROCARDIOGRAPHY' 

By Warren J. Hunzicker, M.D." 

AND 

Hai^old D. Levine, M.D. 

BOSTON, MASSACHUSETTS 


(From die Medical Clinic of the Peter Bent Brigham Hospital and 
the Department of Medicine, Harvard Medical School) 


Until recently the action currents 
detected by all electrocardiographs 
commercially available have been re- 
corded on sensitized paper in a camera 
unit. It has been necessary to develop 
and fix these tracings by the use of ap- 
propriate solutions before readings 
could be made. The inconvenience in- 
volved in this procedure has stimulated 
interest in direct ^vriting electrocardi- 
ography so that tliere are now available 
on the market several electfocardio- 
graphs capable of transcribing the 
action currents upon a more or less 
permanent medium without the neces- 
sity of subsequently being processed 
photographically. Thus far the relia- 
bilit}f of records thus obtained has been 
affirmed by tlie enterprises promoting 
tlie sale of these instruments but has 
not been confirmed by interested elec- 
trocardiographers. 

In tlie present study no attempt was 
made to compare the several machines 
on the market or to determine the 
durability of tlie tracings. Its puqiose 
was ratlier to evaluate one such direct 
recording machinef from the stand- 
point of tlie accuracy of the records 
immediately available in comparison 
vdtli an instrument regarded as ac- 
ceptable. To tliis end simultaneous rec- 
ords were obtained tlirough a coupling 


device transmitting the potentials to a 
direct WTiting electrocardiograph and 
to a standard amplifier type electro- 
cardiograjih? in 25 subjects and through 
a similar device transmitting the po- 
tentials to a direct writing electro- 
cardiograph and a standard string gal- 
vanometer type of electrocardiograph*' 
in 10 additional individuals. 

The coupling unit used for the com- 
bination of direct writer and amplifier 
type electrocardiograph consisted of a 
lead selector followed by a source of 
standardizing voltage, the combined 
output of the lead selector and stand- 
ardizing circuit being impressed across 
both electrocardiographs connected in 
parallel. The coupling unit used for the 
combination of direct writer and string 
galvanometer a\oided cross interfer- 
ence by converting the electrical im- 
pedance of the patient electrode circuit, 
normally 2.000 ohms, to a few ohms. 
This was accomplished with a batter\'- 
operated vacuum tube amplifier which 
employed catliode-follower action to 
impress across a low value resistor the 
signal applied to the input grids from 
the relatively high resistance patient 
electrode circuit. Connections to the 
electrocardiographs were made in a 
junction box where 1,000 ohm resistors 
were inserted in the patient leads of 


' This work ^\•as .aided in part by a grant from the Anna R. Lowai Cardiac Resc.arch Fund. 
" Present address: Spokane. Washington. 

1 Viso-Cardiette, Sanborn Comp.any, Cambridge, Ma-ssaclmsctts. 

§ Stctlro-Cardiette, Sanborn Company, Cambridge. Massachusetts. 

^ Simpli-trol, Cambridge Instrument Company, Ossining, N'ew York. 
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botli of tlie electrocardiographs to 
simulate tlie jiatient electrode resistance 
encountered in normal use, A lead 
selector switch was provided in the 
coupler unit and also a millivolt stand- 
ardizing switch which served to syn- 
chronize all the recordings. 

In order to insure tliat no distortion 
was introduced into the curves by the 
use of the coupling device a set of 
curves was then recorded in 3 indi- 
viduals each attached directly, first to 
the direct witer, then to the string 


not necessarily an indication of the ac- 
curacy of other maehines on the 
market. 

Results. In 23 subjects including in- 
dividuals with normal cardiac mech- 
anisms and various types of cardiac 
disturbances (anterior and posterior 
myocardial infarction, paroxysmal amic- 
ular tachycardia with block, auricular 
fibrillation, ventricular premature beats, 
etc.), the magnitude of the P. Q, R. S., 
and T waves and the duration of the 
P-R and QRS intervals, as recorded in 



Fig. 1.— Simultaneous tracings taken from healthy young male with camera type amplifier 
electrocardiograph (wliite curve on black b.ackground) and direct writing electrocardiograph 
(black curve on white background) through coupling unit. No important differences are noted 
behveen the 2 sets of tracings. [This and subsequent figures have been reduced Vz and % 
from the original photographs submitted, without loss, however, of essential details. For detailed 
study the size submitted can be adequately brought back with a hand lens.— En.] 


galvanometer, and finally to the ampli- 
fier type of electrocardiograph without 
the use of the coupler. Five sets of 
tracings were thus obtained in these 
subjects, 2 with and 3 without the use 
of the coupling device. Although it was 
impossible to compare identical com- 
plexes when the coupling device was 
not used, the mten'’als and deflections 
were then tabulated from what were 
taken to be representative complexes. 

It is to be emphasized that tests made 
with one direct writing machine are 


the direct writing and the vacuum 
tube (amplifier) camera type electro- 
cardiograph were identical in the vast 
majority of cases. In very exceptional 
instances minimal and insignificant dif- 
ferences (0.01 second) were noted in 
the duration of the P-R or QRS inter- 
vals but in no instance did this consti- 
tute the diflFerence between normal 
conduction on the one hand and au- 
riculo-ventricular or intra-ventricular 
block on the other. In rare instances 
minimal and unimportant differences 
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were measured in the height of one or 
more of the deflections but no changes 
of importance, such as the loss of a 
prominent Q or S wave, or important 
shift of the electrical axis, were noted. 
In no instance was an elevation or de- 
pression of the RS-T segment detected 
with one instrument and not widi the 
other. There was a sujierficial difference 
between tlie two sets of curves due to 
differences in the wdth of the baseline 
v^rritten by each of the machines. Repre- 
sentative comparative tracings are re- 
produced in Figs. 1 and 2, the former 
illustrating a normal cardiac mech- 


:‘.o 

times to standardize so that one milli- 
volt produced just one centimeter ex- 
cursion in each machine. When appro- 
priate corrections were made for under- 
or over-standardization, slight differ- 
ences were measured in tlie lieiglil of 
these deflections. The differences in the 
height of the R waves between the 
string galvanometer and the direct 
writer were more frequent and some- 
what more pronounced than the dif- 
ferences between the direct writer and 
the vacuum tube type of electrocardio- 
graph. In no case were Q waves or 
RS-T displacement found with one 


Fic. 



2.— Similar tracings taken from 43 year old man with acute antcro-scplal 
infarction. No important differences between tlie 2 sets of cur\'es. 


myocardial 


anism and the latter an antero-septal 
myocardial infarction. It is to be noted 
that tlie R-R intervals were consistently 
0.03-0.04 second shorter vuth the direct 
writer than tlie camera machine in 
Fig. 1 (slower rate) and 0.02 second 
shorter witli the direct vTiter in Fig. 2. 
These changes are due to differences in 
paper speed and are not important. 

In 10 additional individuals compari- 
son was made of tracings siniultane- 
ouslv recorded vnth a string galva- 
nometer and a direct VTiting electro- 
cardiograph. M^itli the coupling ar- 
rangement employed it was difficult at 


machine and not with another. In 2 
indiwduals minute S waves were re- 
corded witli the string galvanometer 
and not witli the direct wTiter. No 
important differences in electrical axis 
resulted from the slight differences de- 
tected in the height of the major QRS 
deflections. 

There were also occasional differ- 
ences in the duration of the P-R and 
QRS intervals, the difference usually 
beins 0.01 second, rarelv 0.02 second. 
When a difference was noted the 
shorter intenal was usuallv recorded 
by the string galvanometer but oc- 
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casionally by the direct writer. When 
a shorter interval was recorded with 
the string galvanometer, this was due 
to the fact that the return limb of the 
R or S wave broke much more sharply 
with the isoelectric line in the string 
galvanometer than in the direct writer. 
At times notching on the downstroke of 
R, or an embryonic R, as recorded in 
the string galvanometer, was repre- 
sented as a slur on the downstroke of 
R or as a broad, flat S by the direct 
writer. In no case in the present series 
did the differences recorded change the 
interpretation from normal conduction 


to either auriculo-ventricular or intra- 
ventricular block. 

Conclusions. A direct writing electro- 
cardiograph operating on the vacuum 
tube principle was capable of immedi- 
ately recording tracings faithfully du- 
plicating those obtained with an ac- 
ceptable camera type vacuum tube 
(amplifier) electrocardiograph. The oc- 
casional differences between tracings 
obtained with a direct writing and a 
string galvanometer type electrocardio- 
graph were slight and clinically unim- 
portant and in no case altered the in- 
terpretation made. 



Figs. 3 and 4.— Standard lead electrocardiograms in 2 Iiealthy individuals (Subjects 34 
and 35) obtained simultaneously with direct writer (1st vertical column) and string galva- 
nometer (2nd vertical column) through coupling unit. The 3rd column shows tracings taken 
with the direct svriter alone, the 4th with the string galvanometer alone and the 5th with an 
amplifier vacuum-tube electrocardiograph. The measurements obtained are given in Table 1. 
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TABLE l.-COMPARATIVE MEASUREMENTS OF INTERVALS AND DEFLECTIONS 
RECORDED WITH DIRECT-WRITING, STRING GALVANOMETER AND 
AMPLIFIER TYPE ELECTROCARDIOGRAPHS 


Suljject No. 34 


Lead Machine 

R-R 

P-R 

QRS 

P 

Q 

R 

S 

ir 

S' 

T 


sec. 

sec. 

sec. 

mm. 

nim. 

mm. 

mm. 

mm. 

mm. 

mm. 

Direct writer— coupled 

0.62 

0.12 

0.10 

0.8 

1.4 

11.4 

0 

— 

— 

3.0 

String galvanometer— coupled 

0.62 

0.12 

0.10 

1.3 

1.4 

13.0 

0 

— 

— 

3.1 

I. Direct writer 

0.70 

0.12 

0.09 

0.9 

1.3 

12.2 

0 

— 

— 

3.1 

String galvanometer 

0.67 

0.12 

0.08 

0.9 

1.8 

11.7 

0 

— 

— 

3.0 

Vacuum tube (amplifier) 

0.74 

0.13 

0.10 

1.0 

1.2 

11.4 

0 

— 

— 

3.2 

Direct writer— coupled 

0.70~ 

0.14 

“ITb? 

Xo~ 

■“L5” 

~9:9' 

“0 


— 

n n 

String galvanometer— coupled 

0.73 

0.14 

0.07 

1.8 

2.2 

10.7 

0.3 

— 

— 

2.3 

II. Direct writer 

0.70 

0.14 

0.07 

1.3 

L6 

11.0 

0.3 

— 

— 

2.3 

String galvanometer 

0.63 

0.14 

0.08 

0.9 

2.7 

11.6 

0.9 

— 

— 

2.1 

Vacuum tube (amplifier) 

0.72 

0.14 

0.08 

1.3 

1.7 

10.1 

0 

— 

— 

2.1 

Direct writer- coupled 

0.60 

0.14 

”0708 

0.9 

0.5 

~ir3”~ 

1.0 

1.5“ 

■ 0.5 

■ — 0.6 ■ 

String galvanometer— coupled 

0.64 

0.14 

0.08 

0.9 

0.9 

0.9 

1.9 

2.5 

1.1 

— 0.7 

HI. Direct writer 

0.70 

0.14 

0.09 

0.6 

0.4 

0.1 

1.8 

3.S 

0.5 

—0.6 

Siring galvanometer 

0.66 

0.14 

0.09 

1.0 

1.0 

0.4 

2.1 

G.2 

1.0 

—1.0 

Vacuum tube (amplifier) 

0.72 

0.14 

0.10 

0.8 

0.6 

ot 

1.6 

2.0 

0.7 

—0.7 
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Direct writer- coupled 

0.68 

0.18 

0.09 

0.9 

0.7 

4.0 

0.3 

— 

— 

2.6 

String galvanometer— coupled 

0.69 

0.18 

0.09 

0.8 

1.3 

4.0 

0.7 

— 

— 

2.1 

I. Direct writer 

0.68 

0.18 

0.09 

0.8 

0.8 

3.6 

0.3 

— 

— 

2.4 

String galvanometer 

6.67 

? 

0.09 

0.6 

1.0 

3.4 

0.3 

— 

— 

2.3 

Vacuum tube ( amplifier ) 

0.80 

0.18 

0.10 

0.6 

1.0 

3.1 

0.5 

— 

— 

2.2 

Direct writer— coupled 

0.69 

0.18 

“o709 

o7s~ 

0 

3.6 

0 

— 

“11-7 

1.3 

String galvanometer— coupled 

0.69 

0.19 

0.08 

1.2 

0 

5.0 

0 

— 

— 

1.7 

11. Direct writer 

0.72 

0.18 

0.09 

1.5 

0 

4.1 

0 

— 

— 

1.7 

String galvanometer 

0.63 

0.19 

0.09 

1.2 

0 

4.6 

0 

— 

— 

2.3 

Vacuum tube ( amplifier ) 

0.78 

0.19 

0.10 


0 

4.3 

0 

— 


4T1~' ■ 

Direct writer— coupled 

0.66 

9 

0.10 

0.3 

0 

1.4 

0 

2.0 

— 

—0.44-0.4 

String galvanometer-coupled 

0.66 

0.16 

0.09 

0.4 

0 

2.2 

0 

2.7 

— 

— 0.4-f0.4 

III. Direct writer 

0.66 

0.16 

0.10 

0.4 

0 

LO 

0.8 

1.4 

— 

— 0.3-i-0.3 

String galvanometer 

0.67 

?0.16 

0.09 

0.4 

0 

1.5 

0 

2.2 

0 

— 0.5 fO.O 

Vacuum tube ( amplifier ) 

0.77 

0.17 

0.10 

0.5 

0 

1.0 

0 

2.2 

0 

— 0.4-i-0.3 


1 “Embn’onic” R wave 


THE COAGULATION TIME OF BLOOD IN SILICONE TUBES® 


By Harold Margulies, M.D. 

FELLOW IN MEDICINE, MAYO FOUNDATION 
AND 

Nelson W. Barker, M.D. 

DIVISION of medicine, MAYO CLINIC 
ROCHESTER, MINNESOTA 

(From tile Mas'O Clinic) 


Freund® showed many years ago tliat 
blood will clot much more slowly in 
a glass tube if that container is first 
coated evenly with paraffin. It was 
later noted by Gibbs, ^ who used the 
various wire loop mediods of Inchley,'' 
of Dale and Laidlaw,- as well as his 
own, that the tj'pe of metal and its 
state of cleanliness affected the coagu- 
lation time. These earlier observations 
have led to an attempt to explain the 
varying effects of contacting surfaces, 
particularly of glass on coagulation 
time. 

The first thorough study attempting 
to correlate and control contacting 
surfaces was done by Lamport^® in 
Germany and was reported in 1931. He 
measured the coagulation times in a 
wide variety of containers under 
various conditions; the materials in- 
cluded glass, paraffin, resin and other 
substances. He reported that coagu- 
lation times varied in a parallel manner 
with the surface tension of the blood 
in relation to the physical container. 
The substance with the least effect 
on surface tension was “athrombit,” 
one of the resins, which at 57° C. gave 
an average coagulation time of about 
30 minutes. 

In 1942 Lozner and Taylor'® used 
a plastic material, “lusteroid,” in the 
form of tubes to determine coagulation 
times of plasma, and Tocantins'^ used 


the same material for other studies of 
plasma. It was apparent that coagu- 
lation times were longer with this ma- 
terial. Kadish® employed this relatively 
nonwettable surface for the measure- 
ment of tlie coagulation time of whole 
blood in an effort to determine whether 
abnormally shortened times were as- 
sociated with certain diseases. He used 
syringes Avhich had an oily protective 
coating. 

Jaques and his co-workers® first re- 
ported on the use of the new material, 
silicone, a substance which can be used 
to coat glass. They found that it was 
easily applied as a liquid and when 
dried was smooth, nonwettable, and 
increased the coagulation time of 
plasma at room temperatures. The 
plasma which in ordinary glass tubes 
formed a clot in 20 to 40 minutes in 
their experiment was still fluid after 
2 to 4 hours in the silicone-coated 
tubes. These studies indicated that this 
substance was tlie most practical of 
any known for coating needle, syringe 
and tube, so that venipuncture follow- 
ed by transfer of blood to a tube could 
be accomplished with a minimal dis- 
turbance of die blood. 

Silicone is a clear liquid which does 
not appear to be changed by standing 
and may be kept in a capped bottle. 
It releases a pungent odor of vaporized 
hydrochloric acid on exposure to the 


* Abridgment of part of thesis submitted by Dr. Margulies to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfillment of the requirements for the degree 
of Master of Science in Medicine, 
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air. We felt that tliis material might 
permit the development of a more 
accurate metliod of measuring coagu- 
lation time of whole blood. The main 
advantage, of course, would be the 
development of smooth, nonwettable 
surfaces by the coating of silicone. The 
material used in our work is one of a 
group of organosilicone compounds, 
made by General Electric, Schenectady, 
New York, labelled by them Dri-Film. 
no. 9987. Jaques and associates,^ al- 
ready referred to, worked witli centri- 
fuged blood. Since tliis probably pro- 
duces significant changes in die coagu- 
lation mechanism, we decided to use 
whole blood without centrifuging for 
our study. Tlie blood was kept at 
37° C. 

Method and Procedure. Relatively few 
materials were needed. We used 10 cc. 
s}Tinges, test tubes 7 cm. long uith an 
internal diameter of 8 mm., no. 19 and 20 
needles. All glassware and needles were scru- 
pulously cleaned and dried before using. The 
silicone was applied in the following manner. 
About 200 cc. u'ere poured into a beaker 
which was placed under a hood. The plunger 
of each s)Tinge was immersed so that the 
entire contacting surface u'as co\’ered by the 
silicone. With the needle attached, the sjTinge 
was then filled and emptied in tlie silicone 
solution. To do this the plunger wlu'ch had 
already been immersed in the silicone solu- 
tion was used. Tiie barrel was tiien filled and 
the silicone was allowed to run out of tlie 
barrel from tlie open end witli the plunger 
removed so tliat all oE tin's surface u'as a'lso 
covered. Next the tubes to be covered were 
placed upright in a rack and were filled com- 
pletely Mitli silicone iritli swinges which at 
the same time were being coated. These 
tubes prewously had been calibrated by 
making a mark on the outer surface at tlie 1 
cc. level. The empty tube was filled with 
silicone which was allowed to remain in place 
for 2 or 3 minutes before being poured out 
again. The tubes were tlien washed 
thoroughh' witli distilled water, at which time 
pungent fumes apiieared. Still wet, tliey were 
rinsed in dilute solution of ammonium hy- 
droxide and rinsed again repeatedly in dis- 
tilled water. The siTinges were washed in the 
same fashion, using the same beaker tlirough- 
out the whole procedure. Tubes and sjTinges 
were tlien baked for at le,TSt an hour at 100' 


C. in a dr}’ oven. The needles were left on 
the sin'nges during this whole procedure and 
were sharpened after tlie last rinsing while 
still wet. They were then placed in inclividnal 
tubes and sterilized in an*autocl;ivc. 

On removal from tlie oven, glass surfaces 
were seen to be covered by a ver}’ tiiin, 
smootli, transparent, greasy-appearing mate- 
rial. The siTingcs worked smoothl)' after 
repeated coatings (25 to 30 times in some 
instances). For the initial coating this whole 
process was repeated 2 or 3 times. There- 
after, the tubes were rccoatcd once after each 
use. S}Tinges were not recoated as frequently 
and, after 5 or 6 coats were applied, were 
used for dr.awing blood about o times before 
a new coat was applied. The continuity of 
the surface in the ssringe was examined bv 
working the plunger and by looking at the 
surface in a good light. Needles were 
sharpened after every venipuncture. The 
silicone was returned to the large bottle after 
each use but when it became murk}- was dis- 
c.arded. 

Experience with this technic showed us 
that many little deLails must be performed 
meticulously. For ex.ample, the needles often 
become plugged witli silicone .and have to be 
cleaned out. The groove in the metal ring of 
the s}Tinge, where the needle is fitted and 
locked, m.ay become filled witli a gummy 
padding wbicli can be removed with appli- 
c,ators. Often the small diameter of the 
siTinge, through which the blood first flows 
on entering the saaringe, became plugged \rith 
silicone which was removed mechanically. 

Blood w.as drawn for tests from antecubit.al 
veins which were filled after occlu'^ion above 
with a tourniquet. Only a clean venipuncture 
was used to proi'ide a sample of blood. If 
one attempt was unsuccessful, the vein was 
not used but another vein w;is punctured. 
Enough blood was always drawn to le.avc 1 
or 2 cc. in the S}Tinge on the assumption that 
the first portion of the blood might contain 
more thromboplastin. Tliis portion next to the 
plunger was not used. 

One ce. of the blood was transferred from 
the sxTinge to a regular glass tube of the same 
size ’ as " tliose coated with silicone. Im- 
mcdiatclv thereafter 3 tubes coated with 
silicone were filled to the 1 cc. mark and 
placed in a water bath at 37' C. Tlie re- 
maining portion of the specimen of blood w.as 
left in "the sx-ringe. which w.as placed on the 
butt end of 'the "plunger, so that it remained 
vertical. Ten minutes after blood w.as placed 
into the first glass tube another I cc. sam- 
ple of blood from the sxTingc w.is placed 
into a fresh glass tube. Ten minutes later the 
same thing was done. Coagulation time of the 
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blood was measured in each of these tubes 
from the time the blood entered the glass 
tube. On a few occasions not enougli blood 
was drawn to complete all of these tests. The 
blood in the uncoafbd glass tubes was kept at 
room temperature and a modified Lee- 
White^i coagulation test was done. The tubes 
were tilted sh'ghtly every 30 seconds to 
determine the end point, whieh was reached 
when the blood would no longer flow even 
though the tube was inverted and tapped 
gently. 

Blood in the silicone-coated tubes was 
tested as follows. The first tube filled was 
tilted gently every 5 minutes until signs of 
clot formation appeared, then every 2 minutes 
until the end point was reached; the second 
tube was undisturbed until clotting began in 
the first tube; it was then tilted every 5 
minutes until clotting began and then every 2 
minutes until the end point was reached. The 


study were all done with the sificone-coated 
tube placed in a water bath at a temperature 
of 37° C. At this temperature it was possible 
to get relatively consistent end points. 

Results. Normal Subjects. Studies 
were made on 50 normal individuals. 
These consisted of physicians, nurses, 
laboratory workers, college students 
and hospital employees. Their ages 
ranged from 18 to 65 years, and all 
were in apparently good health. There 
were 33 men and 17 women. The 
maximal time lost between the veni- 
puncture and filling of tubes was 90 
seconds, during which time the syringe 
was kept at a constant temperature by 
the body heat produced by the hand 


TABLE I.-SUMi\tARY OF COAGULATION TIMES IN MINUTES OF NORMAL 

SUBJECTS 

Standard 


Method 

No. 

Mean 

Standard 

deviation 

error of 
mean 

Range 

Jn glass 

Immediately after 
venipuncture 

50 

11.66 

2.85 

0.40 

5-19 

10 minutes after 
venipuncture 

46 

10.6 

2.95 

0.44 

6-20 

20 minutes after 
venipuncture 

46 

7.5 

2.8 

0.41 

211.16 

In silicone-coatcd tube 

Tube 1 

50 

34.44 

8.91 

1.26 

2.5-72 

Tube 2 

50 

36.42 

8.44 

1.19 

25-56 

Tube 3" 

50 

38.58 

8.20 

1.16 

25-57 


® had coagulation times in silicone-coated tube of 30 minutes or more. 


third tube was undisturbed until dotting 
began in the second tube. Then it also was 
tilted every 5 minutes until clotting began, 
and everjr 2 minutes thereafter until the end 
point was reached. The end point was arbi- 
trarily set at the complete cessation of flow 
when the tube was inverted. This produced 
a sharp end point, except in the longest time 
ranges when it was less definite. Coagulation 
times were recorded from the time the blood 
entered the sjuinge coated with silicone. 

Early in the study attempts were made to 
measure the times at room temperatures, but 
some coagulation times were found to be as 
long as 2 or 3 hours. There was a wde varia- 
tion in end points recorded in the 3 tubes 
which contained the portions of the same 
sample. Furthermore, these end points were 
not definite and in some instances a firm clot 
never formed. The results reported in this 


in which it was grasped firmly and 
which covered the whole barrel. 

Results of these studies are recorded 
in Table 1. Attention is first drawn 
to the readings in the silicone tubes 
Since the third was the tube least 
handled and therefore least affected 
by undetermined variables, it was the 
one selected as the most accurate. Tliis 
one was tilted only after evidence of 
beginning clot formation was seen in 
the first two. The average coagulation 
time was 38.58 minutes (standard devi- 
ation ± 8.2 minutes) in the 50 deter- 
minations. Times noted ranged from 
25 minutes (2 individuals) to 57 
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minutes ( 1 individual ) . The difference 
in coagulation times between Tubes 2 
and 3 was never more than 10 minutes, 
and averaged 2.2 minutes for the entire 
group. Interest in single measurements 
Was largely on those near the lower 
limit for normal. It can be seen that 
coagulation times of less than 30 
minutes in a silicone-covered tube were 
beyond the usual value for normal 
blood, and that anything less than 25 
minutes might be regarded as ab- 
normally rapid. 

In Table 2 are recorded the results 
of repeated coagulation times in 
silicone-coated tubes on some of the 


subjects already observed. Si.v had 3 
tests each on different days. These 
showed considerable fluctuation and in 
2 instances (Subjects 4 and 5) dropped 
to 30 minutes in one day. None 
dropped into the range of less than 30 
minutes, and all excepting the two 
noted M'ere well above the minimum 
established. Five subjects also had re- 
peated tests done on the same dav, the 
first early in the morning, the next just 
before lunch, the third in midafter- 
noon. Fluctuations were again seen, 
with a coagulation time of 30 minutes 
in 1 instance (Subject 6), whereas all 


TABLE 2.-REPEATED COAGULATION TIMES ON THE SAME NORNtAL 

INDIVIDUALS 


Siliconc-coatcd tube 


Subject 


Age, yr. 

1 

0 

.3 

or case 

Date 

and sex 

Obscrv'alions on 3 dmerent days 

1 

Nov. 5, 1946 

31M 

25 

30 

34 


Jan. 20, 1947 


37 

39 

47 


Feb. 11 


37 

39 

39 

2 

Jan. 8 

26M 

30 

43 

39 


Feb. 12 


37 

40 

54 


Mar. 26 


39 

45 

52 

r» 

O 

Nov. 4, 1946 

18F 

33 

37 

41 


Feb. 14, 1947 


30 

30 

32 


Feb. 15 


30 

39 

35 

4 

Nov. 20, 1946 

21F 

35 

33 

36 


Feb. 26, 1947 


25 

30 

30 


Mar. 18 


39 

46 

42 

5 

Nov. 4, 1946 

28M 

40 

40 

45 


Nov. 11 


34 

30 

30 


Feb. 12, 1947 


35 

41 

40 

6 

Jan. 2 

28M 

30 

30 

38 


Feb. 13 


30 

42 

44 


Feb. 26 


32 

40 

50 




Observations repented 3 times on 

l}ic s.aiiu 

1 

9:30 a. m. 

31M 

37 

39 

39 


11:00 a. m. 


39 

42 

42 


4:00 p. ni. 


35 

34 

35 

5 

9:40 a. ni. 

2SM 

52 

.52 

56 


11:00 a. m. 


26 

.35 

35 


5:00 p. m. 


35 

41 

40 

6 

9:00 a. ni. 

28M 

30 

42 

44 


11:30 a. m. 


25 

30 

50 


3:55 p. m. 


32 

40 

50 

7 

9:30 a. m. 

19M 

32 

49 

47 


11:00 a. m. 


2-5 

4^3 

46 


4:00 p. m. 


25 

30 

•32 

S 

9:35 a. m. 

20M 

59 

54 

49 


11:00 a. m. 


40 

44 

45 


4:05 p. m. 


SS 

41 

40 
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of the rest were well above the minimal 
point. 

In the uncoated tubes which were 
filled witli tlie first sample coagulation 
times varied from 5 to 19 minutes and 
averaged 11.6 minutes. All of these 
were done at room temperature. In 
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the tubes filled 10 minutes later the 
coagulation times ranged from 6 to 20 
minutes and averaged 10.6 minutes in 
a total of 46 samples, with a standard 
deviation of dr 2.95 and standard error 
of mean of ± 0.44. In the glass tubes 
to which blood was added 20 minutes 


TABLE 3.-SPONTANEOUS, INTRAVASCULAR FORMATION OF CLOT 


Case 

Age, yr. 
and sex 

Di.ignosis 

9 

52M 

Ac. thrombophlebitis 

101 

72M 

Chemical (sclerosing) 

11 

64M 

tlirombophlebitis 

Ac. thrombophlebitis 

12 

53M 

Ac. tlirombophlebitis 

13 

40M 

Multiple acute tlirom- 

14 

61M 

bophlebitis 

Ac. thrombophlebitis 

15 

52M 

Ac. thrombophlebitis 

16 

52F 

Ac. thrombophlebitis 

17 

42M 

Ac. thrombophlebitis 

18 

S4F 

Ac. thrombophlebitis 

19 

40F 

Ac. tlirombophlebitis 

20 

18M 

Subsided thrombo- 

21 

65M 

phlebitis 

Ac. thrombophlebitis 

22 

64F 

Ac. tlirombophlebitis 

23 

61F 

Ac. thrombophlebitis 

24 

esM 

Ac. tlirombophlebitis 

25 

49M 

Ac. thrombophlebitis 

26 

61M 

Ac. thrombophlebitis 

27 

66M 

Ac, coronary occlusion 

28 

37M 

Pulmonary embolism 

29 

59M 

Pulmonary emboh'sm 

30 

60F 

Pulmonary embolism 

31 

47F 

Ac. art. occlusion 

32 

66M 

(2 days) 

Ac. art. occlusion 

33 

54F 

(3 weeks) 

Ac. art. occlusion 

34 

66M 

(1 day) 

Ac. art. occlusion 

35 

48F 

(12 days) 

Ac. art. occlusion 

36 

74M 

(6 hours) 

Ac. art. occlusion 


(4 weeks) 

Summary of data: 

Mean 

Standard deviation 
Standard error of mean 
Range 

Number of observations 
f The precipitating factor was the injection 


Coagulation time, min. 


In 




glass 

In silfcone-coated 

tubes 

tube" 

1 

2 

3 

11 

13 

17 

23 

12 

45 

52 

53 

12 

22 

25 

28 

8 

23 

28 

31 

11 

10 

12 

12 

9 


20 

26 

12 

25 

24 

24 

11 

25 

25 

28 

10 


20 

23 

8 

20 

23 

23 

12 

18 

22 

23 

14 

40 

44 

44 

14 

17 

18 

19 

15 

28 

30 

32 

19 

20 

20 

20 

13 

25 

25 

29 

10 

18 

25 

32 

11 

19 

23 

25 

10 

42 

45 

47 

12 

38 

38 

38 

11 

10 

10 

12 

18 

15 

16 

20 

IS 

48 

42 

50 

10 

55 

45 

53 

14 

14 

16 

20 

9 

18 

20 

22 

? 

32 

35 

30 

12 

30 

30 

31 

11.96 



29.21 

2.68 



11.27 

0.52 



2.13 

8-19 



12-53 

27 



28 


a sclerosing material into varicose veins. 


• Immediately after venipuncture. 
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after withdrawal, the coagulation times 
ranged from 21^ to 16 minutes witli 
an average time of IVz minutes (stand- 
ard deviation of rb 2.8 and standard 
error of mean of rb 0.41). It should 
be noted tliat all testing was done by 
one person (HM), using as much as 
possible the same technic tliroughout. 
Of the first two, it can be said that 
tliere is no significant difference in tlie 
time recorded immediately after veni- 
puncture and that noted 10 minutes 
later, with the blood kept in silicone 
containers. 

Acute Vascular Occlusion. Twenty- 
eight patients who manifested some 
clinical evidence of a tendency to 
thrombosis were observed. These merit 
close and ratlier detailed examination. 
The data on tliis group are recorded in 
Table 3. On almost all of them only 
one study of coagulation time was 
possible because anticoagulant therapy 
was used as early as possible. Sixteen 
had acute tlirombophlebitis, which in- 
volved veins of the leg. One of these 
(Case 13, Table 3) also had other veins 
involved. One patient had thrombo- 
phlebitis as a result of the injections of 
sclerosing solution for varicose veins 
and 1 patient had passed the active 
stage of tlirombophlebitis, the onset 
having been 3 weeks prior to the time 
at which our test was made. 

The 16 patients who had acute 
tlirombophlebitis had coagulation times 
in silicone tubes which ranged from 12 
to 32 minutes. For 3 (Cases 12, 22 and 
25) of tlie 16 (1S.S%) they were more 
than 30 minutes; for tlie otliers, 1 was 
only 29 minutes (Case 24), and 1 was 
only 12 minutes (Case 13), iwtii tlie 
remainder lying between these ex- 
tremes. The coagulation times of 8 
of the patients ivere lower tlian any 
obsen^ed on die nonnal subjects. The 
most rapid, referred to before, was in 
Case 13 and tliis was a sample of 
blood taken from the 1 patient who 
died. Necropsy revealed tliat he had 
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carcinoma of tlie pancreas, complicated 
by thrombosis in legs, pelvis and 
abdomen. 

Coagulation times in glass tubes at 
room temperatures on tlie same group 
of patients varied from 8 to 19 minutes. 
The shortest time was noted in Case 12 
in which the silicone coagulation time 
was 31 minutes; the longest time was 
noted in Case 23 in which the silicone 
coagulation time was 20 minutes. In 
Case 10, tlie case of chemical thrombo- 
phlebitis and in Case 20 in \\4iich the 
onset of thrombophlebitis was 3 weeks 
previously, the silicone coagulation 
times were within the upper limits of 
those of the normal subjects. 

One case of coronarj^ occlusion and 3 
of pulmonary embolism were studied. 
The patient who had the acute occlu- 
sion (Case 27) was so severely ill that 
he died 2 hours after admission to the 
hospital. Necropsy was not performed. 
His silicone coagulation time was 47 
minutes. The 3 patients who had pul- 
monary embolism survived. Two of 
tliese had coagulation times in silicone 
tubes which were well below normal 
(12 minutes and 20 minutes) and 1 
was in the range of normal (38 min- 
utes). 

Six patients suffered from sudden ar- 
terial occlusion in an extremit)', from a 
few hours to 4 weeks pre%’ious to the 
time die test rvas made and all were 
hawng distress as a result of interfer- 
ence \wth tlieir arterial circulation. 
Two of the 6 had silicone coagulation 
times clearly below normal (20 min- 
utes and 22 minutes); one of tliese 
(Case 34) died several days after the 
test was made, and necropsy revealed 
dirombotic occlusion of the lower part 
of tlie abdominal aorta, whereas the 
other (Case 33) recovered. Tliree pur- 
sued uneventful courses. One (Case 
31 ) showed no improvement in a week, 
at the end of which time the affected 
leg was amputated. The femoral and 
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popliteal arteries were occluded by 
thrombi. 

Chronic Ogclusive Arterial Diseases. 
There were 23 patients in this group. 
All came to the Mayo Clinic primarily 
for treatment of vascular disease. Co- 
agulation times of this group are re- 
corded in Table 4. Ten had thrombo- 


utes) in the cases of acute thrombo- 
phlebitis. 

Thirteen patients had arteriosclerosis 
obliterans. The silicone coagulation 
times of 2 of these 13 was less than 30 
minutes; these 2 (Cases 51 and 57) 
were kept on dicumarol therapy, and 1 
of them (Case 57) will be referred to 


TABLE 4.-OCCLUSIVE ARTERIAL DISEASES: 2.3 CASES 

Coagulation time, min. 


Case 

Age, yr. 
and sex 

In glass 
tube® 

1 

In sflicone-coaled tubes 

2 

3 

37 

52M 

Cases of thromboangiitis obliterans 

14 25 

29 

38 

38 

62M 

14 

26 


35 

32 

39 

47M 

14 

33 


38 

39 

40 

49M 

15 

20 


23 

29 

41 

49M 

19 

20 


22 

29 

42 

48F 

10 

20 


27 

27 

43 

36M 

10 

25 


30 

34 

44 

38M 

15 

40 


35 

40 

4-5 

43M 

9 

25 


40 

40 

461 

58M 

11 

30 


35 

35 

47 

79M 

Cases of 
11 

arteriosclerosis 

82 

obHterans 

75 

72 

481 

50M 

16 

32 


30 

35 

49 

74F 

15 

30 


37 

38 

.501 

60M 

11 

25 


38 

30 

51 

62F 

9 

22 


20 

23 

52 

58M 

11 

24 


28 

30 

.53 

62M 

13 

32 


33 

34 

54 

56M • 

14 

33 


33 

30 

.551 

79M 

13 

70 


70 

75 

56 

6.5M 

18 

25 


35 

35 

57 

48M 

10 

23 


27 

27 

58 

58M 

9 

35 


40 

42 

59 

63M 

9 

34 


41 

36 

Timaiy of data 

Mean 

Standard deviation 
Standard error of mean 
Range 

Number of observations 

12.61 

2.93 

0.61 

9-19 

23 




36.98 

12.53 

2.61 

27-75. 

23 


® Immediately after venipuncture. 
I With diabetes. 

I With gangrene. 


angitis obliterans; 3 of these had sili- 
cone coagulation times of less than 30 
minutes and 1 of them (Case 42) was 
a woman. The most rapid coagulation 
time in silicone-coated tubes in this 
group (27 minutes) was considerably 
longer than the most rapid (12 min- 


more extensively in a later paper. He 
exhibited clinically a thrombosing ten- 
dency. The rest of this group of 13 pa- 
tients had silicone coagulation times 
uathin the range accepted as normal. 

Comment. Bizzozero,^ when first de- 
scribing the platelet, postulated that its 
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disruption and tlie simultaneous disrup- 
tion ol the leukocyte by various foreign 
substances precipitated coagulation. 
Gratia** agreed \^^th the explanation 
that glass caused a disruption of the 
platelets which released a thrombo- 
plastic material, thus initiating a clot. 
He also stated that certain colloids of 
the blood were changed by the action 
of glass and contributed to the same 
mechanism. The destruction of plate- 
lets by contacting surfaces has been 
commonly considered responsible for 
this phenomenon. Pickering and de- 
Souza^^ suggested that fibrinogen has a 
colloidal protective coat, which is not 
removed so rapidly in parafl3n-hned 
vessels, but is rapidly dissolved by the 
action of glass. Gortner and Briggs,® 
who in 1928 measured tlie electrical 
charge of various materials, felt that it 
was possible in tlieoiy^ that glass ab- 
sorbs positively charged constituents of 
the blood to its surface in sufficient 
concentration to initiate coagulation, 
but tliey were not actually studying 
clotting mechanisms. More recently, 
Lozner and Taylor^- found that plate- 
let-free centrifuged plasma was ca- 
pable of clotting, tliat it acted in a 
manner similar to platelet-rich plasma. 
They stated tliat the effect of foreign 
surfaces on blood coagulation is essen- 
tially independent of the platelet. In 
the study of Jaques,® pre^iously refer- 
red to, a poor correlation was found 
betvr’’een tlie number of platelets and 
the coagulation times and this lent sup- 
port to the conclusions of Lozner and 
Taylor.^' 

Tocantins^'*’^®’^'* has sho\i7i that blood 
contains an antitliromboplastic sub- 
stance, anticephalin. He found tlrat 
u'lien tliis substance was remo\'ed from 
plasma tlie clotting mechanism was 
greatly hastened on subsequent addi- 
tion of tliromboplastin. ^'arious silica 
substances absorbed tlie anticephalin. 
and glass was one of these substances. 


He attributed die different actions of 
lusteroid, paraffin, and glass tubes to 
the variable removal from the plasma 
of this anticephalin. 

It is obvious tliat a silicone coating 
on glass inhibits some factor or factors 
which tend to hasten clot formation in 
vitro. By the same token it is seen that 
the method involved still introduces 
environmental influences which disturb 
die equilibrium needed to keep the 
blood in its physiologic fluid state. The 
difference between rapidit)* of coagu- 
lation in glass and in silicone is an in- 
dication of the relative crudeness of the 
test when glass is used; at room tem- 
perature this is the difference, in some 
instances, between a coagulation time 
of 10 minutes and one of 2 hours or 
more. One of the primar)' objects in 
using such a modification in technic is 
to discern fluctuation in the normal and 
from die normal. Contact with glass ap- 
pears to throw the coagulation system 
into such %ioIent disarray that more 
sensitive variations are submerged. 
Thus, only the most gross abnormality' 
is adequately reflected when the glass 
tube method is used. It is, dierefore. 
possible that some of the differences in 
readings from one individual to the 
ne.xt, and in the same subjects, in sili- 
cone-coated tubes are the result of 
accurate measurements and that the 
same fluctuations diat the body exhibits 
throughout, in other functions, arc 
present in die coagulability' of the 
blood. 

It is also likelv that a significant error 
remains even when tubes and ssTinge 
coated widi silicone are used. A veni- 
puncture, for e.xample. introduces some 
thromboplastin into die specimen, and 
it is not known how much this is, or 
how evenly' it is diluted throughout the 
specimen. No matter how carefully this 
part of die test is done die exact condi- 
tions cannot be consistently repeated. 
In a series of silicone-coated tubes con- 
taining portions of the same specimens 
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of blood tliere is a greater difference in 
end point from one tube to the next as 
the total times get longer. Probably this 
increasing error is contributed to 
greatly by die thromboplastin. Before 
the water bath was used, and end 
points were still not definite at die end 
of 2 or 3 hours, the variation between 
tubes was as much as 45 to 60 minutes 
in some instances, although they were 
portions of one sample of blood. De- 
liberate introduction of a flaw, such as 
dirt on the silicone surface, returned 
the coagulation time to that found in 
uncoated glass. 

The coagulation times in sihcone- 
coated tubes, recorded in Table 1, in- 
dicate the effect of gentle tilting every 5 
minutes. Although the tilting was done 
only 5 or 6 times more than in the next 
tubes, in many cases the clot was 
formed more quickly. An attempt to 
eliminate the effects of difference in 
tilting might be worth while. A me- 
chanical device could conceivably re- 
place manual tilting and thereby in- 
crease consistency. 

The range of results seen in repeated 
observations on the same subjects prob- 
ably represents both normal fluctua- 
tions and technical factors. The short- 
est times produced remained on the 
low border of the previously estab- 
lished range of normal. 

The maintenance of fluidity of the 
blood in the syringe, left at room tem- 
perature, is worthy of attention. It can 
be concluded that any change in po- 
tential coagulability up to 10 minutes is 
not reflected in the tests done in glass 
tubes. It is probable that some disrup- 
tion of platelets is occurring, but this is 
not marked enough to become appar- 
ent by the usual tests. This indicates 
that there may be some desirable lati- 
tude in time spent preparing slides for 
various studies of morphology if the 
blood is kept in silicone-coated con- 
tainers. This could be improved even 
further, then, if the slides used were 


also coated and such studies may pro- 
duce some interesting results. 

Also worth noting was an apparent 
difference in the physical character of 
the clots formed. The normal subjects, 
especially those who had blood which 
clotted in the longer time ranges, pro- 
duced clots which formed the usual 
clear end point, but which slid out of 
the silicone tube in a uniform mass, 
keeping the shape produced by the con- 
tour of the tube almost intact. The 
remaining drops could be washed away 
easily. At the opposite extreme was the 
familiar picture of the clot in the glass 
which is irregular, tenacious, and has 
to be removed with a brush. If the 
silicone-coated tubes were allowed to 
sit for a few hours, the clot lost its 
adhesiveness entirely and was virtually 
floating free in the serum produced 
around it by retraction. In cases in 
which the blood clotted more rapidly 
in the silicone tubes, such as those in 
Table 3, a clot appeared to adhere 
more firmly to the wall of the tube al- 
though never as markedly as in glass. 
It is possible that the physical nature 
of an intravascular thrombosis is also 
variable, and the concomitant clinical 
pattern is affected thereby. 

The findings on those patients who 
had acute thrombophlebitis were of 
particular interest to us. Only 18.8% of 
this group had silicone coagulation 
times of 30 minutes or more in contrast 
with the normal subjects, 88% of whom 
had silicone coagulation times of 30 
minutes or more. It is reasonable to be- 
lieve that this apparent hypercoagu- 
lability contributes significantly to the 
clotting which occurs as an integral 
part of the disease. It would be better 
if these determinations could also be 
made before the disease makes its pres- 
ence noted to be absolutely sure that 
the changes in coagulation time pre- 
cede the thrombophlebitis. It also 
should be noted that some of the pa- 
tients had coagulation times in normal 
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ranges, despite the presence of definite 
thrombophlebitis, and that the data for 
groups of patients who had thrombo- 
angiitis obliterans and arteriosclerosis 
obliterans revealed coagulation times 
similar to those of the normal subjects. 
This further substantiates the clinical 
e\udence that no single factor is re- 
sponsible for die pathologic changes 
that occur in these diseases. 

The method used for silicone coagu- 
lation times at present is tedious, es- 
pecially when results are in the longer 
time ranges. Its greater accuracy is im- 
portant when it is valuable to know 
more about coagulation, whether it is 
the sole cause of an illness or one of 
the causes. It would be helpful if some 
mechanical determination of the end 
points could be devised to obviate the 
laboriousness of the tests and the per- 
sonal factors. If one is interested in 
demonstrating more rapid times the 
silicone-covered tubes containing blood 
could be placed in a water bath, to be 
checked only 4 times, at the end of 15, 
20, 25 and 30 minutes. By this mediod 
definite, borderline, and absence of 
hypercoagulabilit)'^ could be deter- 
mined. 

Summary. A means of measuring co- 
agulation time in containers coated 


with silicone has been described. Nor- 
mal times in silicone-coated tubes, c.s- 
tablished on 50 subjects, ranged from 
25 to 57 minutes, noth an ax'erage of 
38.58 minutes. Eiglih^-eight per cent 
had coagulation times of 30 minutes or 
more; therefore 30 minutes is regarded 
as the usual lower limit of normal. 

Tlie effect on the coagulation fime of 
leaving the blood in syringes coated 
with silicone before it was transferred 
to glass tubes for testing was recorded 
on the same subjects. No significant 
difference was recorded between co- 
agulation times immediately after \'eni- 
puncture and those obtained on a 
portion of the same sample left in a 
silicone-coated syringe for 10 minutes. 

Patients with clinical evidence of 
thrombosing tendencies have bee7i 
studied and abnormally rapid silicone 
coagulation times seen in a significant 
number of tliem. The patients with 
acute thrombophlebitis had times of 30 
minutes or more in only 187o of those 
studied; 39.3% of all patients who had 
spontaneous intra\'ascular clotting had 
coagulation times of 30 minutes or 
more. 

The silicone coagulation limes of 
nearly all of 23 patients who had oc- 
clusi^'e arterial diseases were in the 
normal range. 
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In the previous paper'* we presented 
data derived from the use of a method 
for measuring coagulation time of 
blood in silicone-coated containers. 
Studies were done on normal subjects 
and on patients who demonstrated clin- 
ically some increased tendency to form 
intravascular blood clots. Normal co- 
agulation time with this technic, in 
which the temperature was maintained 
at 37° C., was from 25 to 57 minutes, 
with an average time of 38.58 minutes. 
The technic was found to be depend- 
able in that the end points were clear- 
cut and the results were reproducible 
under the variety of conditions out- 
lined in that paper. It was also shown 
that most patients with acute thrombo- 
phlebitis had silicone coagulation times 
which were abnormally low or at the 
lowest limits of normal and that this 
was also true for some of the patients 
with acute arterial occlusion and with 
thromboangiitis obliterans. 

In the present study it has been our 
aim to apply the same method of meas- 
uring coagulation times to a group of 
patients receiving Dicumarol. Published 
reports^ clearly show that in prothrom- 
bin deficiency there is no satisfactory 
correlation between coagulation times 
of whole blood in glass tubes and pro- 
thrombin times when the coagulation 
times are determined by the conv^en- 


tional methods and the prothrombin 
times are measured by either the Quick 
method or the 2-stage method. 

Procedure. Thirteen patients who were re- 
ceiving Dicumarol were studied. These pa- 
tients were in tivo general groups: (1) those 
in whom intravascular thrombosis had de- 
veloped; (2) those postoperative patients who 
had not had intravascular thrombosis but 
who were treated prophylactically to prevent 
venous thrombosis and pulmonary emboli. 
All were given 300 mg. of dicumarol for the 
initial dose, and were then given either 100 
or 200 mg. on any day in which the pro- 
thrombin time was less than that time cor- 
responding to the time for 20%' normal pro- 
thrombin activity (35 seconds in this labora- 
tory). 

The protlurombin time was determined by 
the routine method of this laboratory, the 
procedure being a modification of the Quick 
technic." Normal prothrombin time (100% 
prothrombin activity) was 17 to 19 seconds. 
It was determined on every day of the study. 
The sample of blood was drawn in the morn- 
ing, all of it being taken into a silicone- 
coated syringe, portions of this specimen be- 
ing used for both prothrombin time and 
whole blood coagulation time. 

Results. Figs. I through 4 are repre- 
sentative graphs with curves of pro- 
thrombin times plotted to compare with 
those representing silicone and glass 
coagulation times. Generally, the curve 
of the silicone coagulation times corre- 
sponds to that of the prothrombin 
times. 


® Abridgment of part of thesis submitted by Dr. Margulies to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfillment of the requirements for the degree of 
Master of Science in Medicine. 
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In each individual studied there 
were changes in tlie same direction in 
tlie prodirombin time and tlie silicone 
coagulation time. As tlie prothrombin 
time got longer a similar change oc- 
curred in the silicone coagulation time, 
and tlie reverse was also true, Tliese 
changes were not always simultaneous; 
tliat is, in some patients tlie rise in the 
coagulation time appeared the day after 
the rise in prothrombin time (Figs. 3 
and 4). -One patient had a rise and fall 
in prothrombin time the first 3 days 
which was not reflected at all in the 


coagulation times, which went up onlv 
with the secondar)' rise of prothrombin 
times. To repeat, however, changes in 
the silicone coagulation times corre- 
sponded to changes in prothrombin 
times in each indi\ndual in a verv defi- 
nite manner, as is best illustrated in the 
figures, but the changes were not al- 
ways simultaneous. 

The data were also e.xamined for all 
of the subjects at once, rather than for 
each individual separately. It was 
found that no correlation e.visted if all 
of the prothrombin times were plotted 



I'tc. L— Relationship between prothrombin time, coagulation time in silicone tubes and 
coagulation time in glass. Female patient, aged 32 years, receiving Dicumarol prophylactically 
beginning 5 davs after total aMomin.al hvsfcrectomv. 
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against all of the silicone coagulation 
times. Stated differently, the same pro- 
thrombin time in different individuals 
was associated with widely different 
coagulation times; furthermore, a 
change of the same magnitude in pro- 
thrombin time on 2 successive days was 
accompanied by changes of variable 
magnitudes in the silicone coagulation 
times on those days. For example, on 
the fifth day of therapy Patients 1 and 
3 had prothrombin times of 32 and 33 
seconds, respectively; the correspond- 
ing silicone coagulation times were 42 
and 120 minutes. Patient 11 had a pro- 
thrombin time of 34 seconds on the 
eleventh day of therapy, and Patient 
13 had one of 33 seconds on the sev- 
enth day; corresponding silicone coagu- 


lation times were 28 and 52 minutes 
respectively. This last patient was of 
unusual interest in that he had a high 
tolerance, apparently, for Dicumarol. 
It took 7 days and a total intake of 
1,000 mg. of the drug to get his pro- 
thrombin time up to 33 seconds. De- 
spite the failure to reach the clinically 
desirable level of 35 seconds, the co- 
agulation time became abruptly longer 
when the prothrombin time was only 
at 22 seconds and maintained a level 
twice as long as its starting point, to 
which it returned when the prothrom- 
bin time dropped back to 18 seconds. 
Between the third and fourth day of 
treatment the prothrombin time length- 
ened by 2 seconds, with simultaneous 
lengthening of silicone coagulation time 



Fig 2 -Relationship between prothrombin time, coagulation time in silicone tubes and 
coagulation time in glass. Female patient, aged 65 years, receiiing Dicumarol prophylactically 
beginning 3 days after total hysterectomy. 
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of 15 minutes. Patient 11 on tlie same sitive to prothrombin changes corn- 
days had a lengthening of prothrombin pared with tlie silicone tubes. In some 
time of 18 seconds \vith only a 10 min- instances the anticipated change was 
ute prolongation of the coagulation reversed. 

time. Comment. These data, derived from 

It should be emphasized again that, patients receiving Dicumarol therapv, 
as the silicone coagulation times be- show tliat alterations in prodirombin 
came longer (more than 50 to 60 min- times are accompanied by correspond- 
utes), tlie degree of error appeared to ing alterations in coagulation times in 
increase, and it is Likely that variations silicone tubes, but not in glass tubes, 
in actual times in the longer ranges can- The silicone coagulation time is not al- 
not be taken at face value. The differ- ways changed on the same da)' as the 
ence between a coagulation time of 95 prothrombin time, but changes are in 
and 120 minutes may represent mostly tlie same direction consistently enough 
the error factor. This error may be due so tliat cun'es plotted to cover se%'eral 
to tlie variable amounts of tlirombo- days for both values have similar con- 
plastin present. tours. There is no quantitativ'e correla- 

Recordings were also made for the tion which would make it possible to 
times in glass tubes which were not predict from an isolated prothrombin 
coated, and these were relatively insen- time what would be tlie silicone coagu- 



Days ol therapy 

Fig. S.— Relationship behveen prothrombin time, coagulation time in silicone tubes and 
coagulation time in glass. Female patient, aged 45 ye.ars,'^recei\ing Dicumarol proplnlacticallv 

beainnintr 3 davs after diolect’stecfomv. 
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lation time, as this varies greatly from 
one individual to the next. 

The most immediate observation is 
that the sihcone coagulation time rep- 
resents a more sensitive measuring de- 
vice than coagulation times done in 
glass. In most of the studies there was 
a change in silicone coagulation time 
in the manner anticipated from the 
change in prothrombin time. This was 
not correspondingly reflected in the 
glass tube. 

In the same patients, however, re- 
sults suggest tliat prothrombin time 
alone may not be the only altered part 
of the coagulation mechanism which is 
produced by administration of Dicuma- 
rol. This is apparent from the fact that 


the same levels in 2 patients produce 
strikingly different coagulation times in 
silicone. This was especially marked in 
Patient 13, who resisted Dicumarol so 
long as judged by the prothrombin 
time, but in whom ultimately the pro- 
thrombin rose to the desired therapeu- 
tic level. The other factor (or factors) 
probably involves the rapidity of con- 
version from prothrombin to thrombin. 
One could explain these differences if 
one assumed that Tocantins’ anticepha- 
lin substance® remained in the silicone- 
coated system, but was removed by the 
technic used in the prothrombin deter- 
mination. This would delay the con- 
version of prothrombin to thrombin, 
giving a longer coagulation time. 



Fig. 4.— Relationship between prothrombin time, coagulation time in silicone tubes and 
coagulation time in glass. Male patient, aged 61 years, who had had acute thrombophlebitis 
after abdominoperineal resection. Administration of Dicumarol was begun immediately. 
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There may, contrariwise, be a sub- 
stance which acts to hasten that con- 
version, giving an opposite action to 
that of the anticephalin. The occasional 
delay in the effect of Dicumarol on 
the coagulation time in silicone tubes 
as compared with its effect on the pro- 
thrombin time might then be due to 
the persistence of such an unknown 
factor, which eventually is exhausted or 
depressed by Dicumarol. Wright found 
evidence to indicate that platelets are 
more adhesive in the presence of glass, 
thus hastening coagulation, and Spoon- 
er and Meyer attributed at least some 
of the effect of Dicumarol to a lessening 
of this adhesiveness. The occasional 
rare individual who may form a throm- 
bus despite a prothrombin time of 35 
seconds would be one who converts 
even the smaller quantity of prothrom- 
bin in such a rapid manner as to pro- 
duce a clot. 

Since this work was done Moloney, 
Murphy and Harrington have shown a 
similar correlation between coagula- 
tion times in silicone-coated containers 
and prothrombin blood levels reduced 
by the administration of Dicumarol. 


Summary'. 1. Thirteen patients rccei\ - 
ing Dicumarol were studied. It was 
found that the changes in prothrombin 
time in these patients were associated 
with corresponding changes in the co- 
agulation time in silicone tubes. Gla.ss 
tubes used to measure coagulation time 
in the conventional way did not show 
these changes. 

2. The change in silicone-tube coagu- 
lation times was often not simultaneous 
writh tlie change in the prothrombin 
time. Possible reasons for this lag are 
discussed. 

3. The relationship between pro- 
thrombin time and silicone coagulation 
rime varied from one individual to an- 
other. The same prothrombin time in 
several subjects was accompanied by 
widely different coagulation times, so 
that it was not possible to correlate di- 
rectly the prothrombin time of the pa- 
tients studied with the silicone coagula- 
tion time that they manifested. Change 
in prothrombin time was, however, ac- 
companied by alteration in coagulation 
time which was consistently predictable 
in direction if not in magnitude. 
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Studies by McKibbin and cowork- 
ers® have shown that dogs receiving a 
highly purified ration supplemented 
only with synthetic vitamins are able 
to regenerate hemoglobin rapidly fol- 
lowing an extended series of bleedings. 
Dogs rendered anemic and hypopro- 
teinemic by dietary means and hem- 
orrhage invariably regenerate hemoglo- 
bin more rapidly than plasma protein 
on a variety of dietary regimens.^®-*^ 
The present investigation was under- 
taken to determine the ability of dogs 
with different dietary backgrounds to 
regenerate blood components when 
bled repeatedly over a period of sev- 
eral months. 

Materials and Methods. Three dogs were 
used in these experiments. One had been 
maintained on a purified diet. No. 620113 
supplemented -with vitamins and 5% dried 
beef liver for 2 years. Another had received 
the same purified diet and vitamins with- 
out the liver supplement for the same 
period of time. Hematologic studies, con- 
ducted on these 2 dogs since they were given 
the experimental diets at weaning, revealed 
no abnormalities. They had, however, shown 
an impairment in ability to excrete bromsul- 
falein. The third dog was selected from our 
stock colony and had been fed a mixed diet 
consisting of Gaines’ dog meal, fresh horse 
meat and milk. During the course of bleeding 


the 3 dogs were continued on the same diets 
ad lib. The average daily food consumption 
was about 200 gm. In addition, daily iron 
supplements in the form of ferrous sulfate, 
were given; 20 mg. for the first month, fol- 
lowed by 50 mg. for the remainder of the 
test period. The total amount of iron, includ- 
ing mat in the diet, which each dog received, 
was approximately 1.4 gm. 

Each dog was bled by jugular vein punc- 
ture a total of 33 times (100 to 200 cc. taken 
about 3 times weekly) over a period of 255 
months. The volume of blood removed from 
each animal during this period totaled ap- 
proximately 4850 cc. or about 5 times the 
original blood volume. This quantity of blood 
had a hemoglobin content of about 372 gm., 
equivalent to 1.24 gm. of iron. 

At each bleeding, determinations were 
made of erythrocytes, hemoglobin, hematocrit, 
total and differential leukocytes, plasma fi- 
brinogen, serum protein and albumin-globulin 
ratios. Estimations of reticulocyte and platelet 
numbers, prothrombin times, icteric indices 
and electro-phoretic components of plasma 
were made less frequently. Hemoglobin %vas 
determined colorimetrically in an Evelyn col- 
orimeter. The quantity of hemoglobin regen- 
erated was calculated from the difference in 
total hemoglobin in each animal behveen 
blood xvithdrawals. The total circulating blood 
volume was assumed to be 8% of the body 
weigbt.®40 

Prior to electrophoreb'c analysis the plasma 
samples were diluted 3 fold with barbiturate 
buffer and dialyzed at low temperature for 
periods ranging from 2 to 6 days in Visking 


t Diet 620; Casein “Vitamin free” Labco, 30.0; Dextrose, 41.0; Crisco, 21.0; Com oil, 0.13; 
Salt Mixture No. 1 U.S.P. XI, 3.0; Bone Ash, 2.85; Cod liver oil, 2.0. Daily Vitamin Supple- 
ment-oral: Thiamine, 1 mg.; Riboflavin, 1 mg.; Pyridoxine, 1 mg.; Nicotinic acid, 20 mg.; 
Calcium pantothenate, 40 mg.; Choline chloride, 200 mg.; Inositol, 200 mg.; Alpha tocopherol, 
25 mg. weekly. 
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tubing against 2000 ml. of the same buffer 
mixture. The electrophoresis experiments 
were carried out by means of the Tiselius 
apparatus^^ in an analytical cell of the Tisel- 
ius-Longworth type® of 11.0 ml. capacity at 
1.1°C., for a period of 240 minutes. The 
buffer consisted of 0.1 N sodium diethylbar- 
biturate and 0.02 N diethylbarbiturie acid, 
pH 8.6, as recommended by Longsworth.8 
The Schlieren scanning method of Longs- 
worth^ was used to record the refractive index 
gradients in the cell. The percentage compo- 
sition of the electrophoretically separable 
components was calculated from planimetric 
measurements of the descending boundaries, 
following enlargement of the records by pro- 
jection and appropriate extrapolation. The 
patterns are, as a rule, rather complex and not 
completely resolved.t'2.16 

Results. Table 1 shows some of the 
pertinent hematological and biochemi- 
cal data obtained. All dogs showed a 
loss of body weight. The frequent 
bleeding of the animals was sufficiently 
severe to produce a progressive de- 
crease in hemoglobin, erythrocyte, and 
hematocrit values. Nevertheless about 
70% of the hemoglobin rejnoved at 
each inten'al was regenerated. There 
appeared to be no significant differ- 
ence in the ability of the dogs on the 
different dietary regimens to make up 
hemoglobin lost through hemorrhage. 
The data show the development in all 
3 animals of a microcytic, hypochromic 
anemia. Dog 204, which received the 
purified diet supplemented with dried 
liver, suffered a decrease in leukocyte 
count within 2 weeks. This low count 
persisted throughout most of the ex- 
perimental period but returned to nor- 
mal after the 30th bleeding. All animals 
showed a slight relative decrease in 


lymphocytes and a corresponding in- 
crease in neutrophils during the last 
month of treatment. No differences be- 
tween animals occurred in reticulocyte 
and platelet counts, in prothrombin 
times or in icteric indices. 

Occasionally during the course of the 
experiment the blood was noted to clot 
more rapidly than usual. This irregular 
finding could not be correlated xvith 
prothrombin values or platelet counts 
determined at the same intervals. 

Two dogs were able to regenerate 
quite readily the plasma protein which 
was removed. The third animal, given 
the stock diet, suffered a decrease in 
this blood component early in the ex- 
periment from which it did not recover 
(Table 1). Plasma fibrinogen levels 
gradually increased in both animals 
maintained on purified diets. Since 
these animals had also shown at the 
onset of test an inability to excrete 
bromsulfalein rapidly, ihe elevated 
fibrinogen values suggested the exist- 
ence of hepatic damage. Examination 
of histological sections of liver revealed 
the validity of this contention in one of 
the dogs. The liver of tliis animal, No. 
203, showed centrolobular atrophy, ne- 
crosis and fatty degeneration. Biliary 
stasis was also evident in the central 
areas of the lobules. Large masses of 
iron-positive pigment were present 
throughout the liver. The spleen of this 
animal also contained considerable 
iron. The second dog (No. 204) fed the 
purified diet, likewise had stainable 
iron in liver and spleen. 

The rapidity with which hemodilu- 


TABLE 2.-HEMODILUTION AND REGENERATION AFTER WITHDRAWAL 

OF 200 CC. OF BLOOD. 


Scrum 
protein 
gm. % 
Hematocrit 
vol. % 


Dog 

No. 

0 

la mm. 

Time Interval 

1 hr. 6 hrs. 

24 hrs. 

48 bis. 

203 

6.0 

5.6 

5.15 

5.35 

5,7 

6.1 

204 

6.0 

5.75 

5.7 

5.3 

5.7 

6.2 

587 

4.6 

4.15 

3.9 

— 

4.25 

4.5 

203 

22.0 

21.2 

21.0 

19.0 

14.0 

19.5 

204 

21.0 

20.0 

19.5 

17.0 

16.5 

18.0 

587 

22.0 

22.0 

20.0 

— 

17.0 

20.0 
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tion occurred following removal of 
blood was studied immediately after 
the 32nd bleeding (200 ce,). Table 2 
shows that in all tliree dogs both serum 
protein levels and hematocrits de- 
creased witliin 15 minutes to 1 hour 
after phlebotomy. The serum protein 
levels were increasing by the 24th hour 
and were essentially normal by the 48th 
hour. On the other hand, the hemato- 
crit values were lowest at the 24th hour 
and had not yet attained the base line 
values at the 48th hour. These data in- 
dicate that hemodilution occurs rather 
rapidly after withdrawal of blood and 
that tlie serum protein tends to be re- 
placed at a more rapid rate than the 
erythrocytes. 


Electrophoretic patterns obtained in 
these dogs initially and finallv after 32 
bleedings are shown in Figure 1. The 
plasma protein spectrum as determined 
by electrophoretic analvses is recorded 
in Table 3. At the onset of the test llie 
dog getting stock diet had a higher pro- 
portion of albumin and a lower propor- 
tion of globulin than the dogs receiv ing 
purified diet. The lower proportion of 
globulin was due primarily to the 
beta-2 and gamma components. During 
the course of bleeding, the dog on puri- 
fied diet without Ih'er showed an in- 
crease in albumin and a decrease in 
total globulin whereas the other 2 ani- 
mals showed the reverse effect. An 
increase in alpha-3 globulin and in 


Oog No 203 
INITIAL 


P. 



Oog No 204 
INITIAL 


P. 



A 



Dog No204 
FINAL 



Oog No 587 
FINAL 

A 

1 



FIGURE 1.— Eleclroplioretic patterns of dogs obtained before and after 52 bleedings. The diets 
fed to the dogs were: Dog 203— Diet 620; Dog 204 — Diet 620 plus liver; Dog 5Si — Slock diet. 
Note tlie increase in albumin (A) in dog 203 and decrease in tlii'' fraction in dogs 205 ajui 5S). 
In general the dogs show a relative decrease in gamma globulin and increases in the b«ta-I 

and alpha-S globulin fractions of the plasma. 
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TABLE 3.-ELECTROPHORETIC ANALYSES OF PLASMA PROTEIN OF DOGS 
SUBJECTED TO REPEATED PHLEBOTOMY. 


Dog 


No. of 


Total 


Globulin Fractions 



No. 

Diet bleedings 

Albumin 

Globulin 

al+2 

q;3 

/31 

p2 

T 

A/G Ratio 

203 

620 

. 0 

37.7 

62.3 

12.5 

9.6 

5.7 

20.7 

13.8 

0.61 



24 

44.7 

55.3 

15.2 

7.3 

10.8 

12.0 

10.1 

0.81 



32 

41.7 

58.3 

12.9 

13.0 

9.0 

15.4 

7.9 

0.72 

204 

620 -t- 

0 

41.9 

58.1 

15.0 

6.2 

7.7 

17.7 

11.5 

0.72 


liver 

24 

39.1 

60.9 

15.6 

14.3 

8.7 

17.0 

5.4 

0.64 



32 

37.0 

63.0 

13.3 

14.6 

11.2 

17.1 

6.9 

0.59 

587 

Stock 

0 

50.2 

49.8 

12.2 

6.0 

7.6 

15.8 

8.2 

1.01 



24 

42.7 

57.3 

17.5 

7.9 

16.0 

10.3 

5.6 

0.75 



32 

48.1 

51.9 

5.6 

11.2 

11.4 

17.1 

6.6 

0.93 


Total protein is taken as 100% and eacli protein component is indicated as a fraction thereof. 


beta-1 gIobuIin§ occurred in all 3 dogs 
while the gamma globulin decreased. 
Following bleeding the dog on puri- 
fied diet without liver showed a de- 
crease of beta-2 globulin. The dog on 
stock diet showed an increase in alpha 
l-f-2 globulin and later a decrease in 
these fractions. As a consequence of 
the foregoing changes in albumin and 
globulin the albumin-globulin ratio be- 
came larger in the dog on purified diet 
without liver but smaller in the other 
dogs. 

A comparison was made of plasma 
albumin-globulin ratios determined on 
6 samples of dog blood by; (a) electro- 
phoresis, (b) Howe’s salt fractionation 
method® and (c) tlie metlianol method 
of Pillemer arid Hutchinson.^^ The lat- 


ter two methods gave results consistent- 
ly higher than the first method (Table 
4). This is in contrast to Pillemer’s find- 
ing tliat in human serum there is better 
agreement between the results of elec- 
trophoretic analysis and his alcohol 
method of fractionation than between 
either of these two techniques and the 
salting-out method of Howe. However, 
we think that this point deserves fuller 
study in dogs before definite conclu- 
sions can be drawn. 

Discussion, No striking differences 
were observed in the ability of dogs re- 
ceiving different diets to regenerate 
hemoglobin following a series of rather 
severe bleedings. The lack of folic acid, 
p-aminobenzoic acid and biotin in the 
diet of one dog had no influence on 


TABLE 4.-COMPARISON OF ALBUMIN-GLOBULIN RATIOS IN DOG PLASMAS 
AS DETERMINED BY DIFFERENT METHODS. 


Dog. No. 

Bleeding No. 

Electro- 

phoresis 

Albumin-Globulin Ratio 

NaeSO. 

Methanol 

203 

1 

0.61 

(Howe) 

1.0 

(Pillemer) 

1.1 


24 

0.81 

1.5 

1.95 

204 

1 

0.72 

1.7 

1.5 

587 

24 

0.75 

1.5 

— 


32 

0.93 

1.25 

1.6 


§ The designation of the various protein components observed in dog plasma is not uniform 
in all laboratories. The reason for this divergence must be sought in varying degrees of resolu- 
tion of the dog plasma pattern by different investigators and also in the fact tliat other authors 
have labeled as “fibrinogen” the component designated as Betao-globulin in this paper, although 
it is eHdent that only a fraction of this electrophoretic component can actually consist of 
fibrinogen!®. This component should perhaps be designated [Betao-f-p] rather than simply 
Beta, or 0. If due allowance is made for the difference in terminology, the present data appear 
to be essentially in agreement with those reported by Zeldis et alA’’ 
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blood regenerating capacity. Michaud 
and associates^® have shown that dogs 
on a purified diet, without folic acid or 
biotin (and even with succinylsulfa- 
thiazole added) are capable of ade- 
quate hemoglobin /regeneration after 
jDrofound exsanguination. 

Two of the 3 dogs quickly, replaced 
the total plasma protein removed. The 
third animal, while inefficient in this 
respect, nevertheless had, after tlie se- 
ries of bleedings, about 70% of its 
original plasma protein level. On the 
other hand, the final hemoglobin levels 
of the dogs after bleeding were only 
about 35% of the original values. Tlius 
plasma protein regeneration apparently 
took precedence over hemoglobin re- 
generation. This is in contrast to the 
condition which prevails in anemic, 
hypoproteinemic dogs in which hemo- 
globin is regenerated in preference to 
plasma protein, Whipple, Rob- 
scheit-Robbins and associates,^--^® how- 
ever, provided more iron in the diet of 
their dogs than was given in the cur- 
rent experiments. Our dogs each re- 
ceived about 1.4 gm. of iron during 
the experimental period in which an 
average of 1.24 gm. was removed as 
hemoglobin. Iron intake, therefore, 
ma)' have been tlie prime factor limit- 
ing hemoglobin production. However, 
since only about 0.9 gm. of iron could 
be accounted for in the regenerated 
hemoglobin and since stainable iron 
was observed in tlie livers and kidneys 
of 2 dogs, there remains the possibility 
that faulty utilization of iron conb'ib- 
uted to the de^'elopment of the micro- 
cytic hjqrochromic anemia.'* 

Altliough total plasma protein con- 
centrations were regained completely 
or almost so in the dogs between bleed- 
ings, tlie relati\'e concentration of their 
indiiddiial electrophoretic components 
showed alterations. Zeldis and Ailing*® 
have obser\'ed that after a single acute 
depletion of plasma protein by plasma- 
phoresis in dogs the electrophoretic 


pattern may be disturbed for as long as 
2 to 3 weeks after the initial total pro- 
tein level has returned to normal. In 
dogs so depleted plasma globulin resto- 
ration proceeds more rapidly than 
plasma albumin restoration. An in- 
crease in beta globulin and fibrinogen 
has been observ'ed in dogs also with 
severe vascular disease® or hepatitis 
and cholangitis.*® 

Our data, showing that albumin-glo- 
bulin ratios are lower when determined 
by eleetrophoresis than by Howe’s 
method, agree with those of Chow and 
associates* in dogs and Dole and 
Braun® and Deutsch and Goodloe- in 
humans. Chow believes this finding is 
due to incomplete separation of the 
globulins from albumin by the method 
of Howe. 

The 3 dogs used in these experiments 
exhibited a slight but continued weight 
loss as a consequence of repeated e.x- 
sanguination. This indicates that the 
protein stores of the body were drawn 
upon for regeneration of blood compo- 
nents so incessantly that their replace- 
ment by synthesis from ingested food 
became inadequate. 

Summary. Repeated phlebotomy in 
adult dogs, maintained on diets con- 
taining 25 to 30% protein resulted in 
the development of a microcytic, hypo- 
chromic anemia. No differences, ascrib- 
able to the dietary regimen. Avere ob- 
served in the ability of the dogs to .syn- 
thesize hemoglobin. 

After a single withdrawal of blood, 
hemodilution occurred within one hour. 
Serum protein levels were essentially 
normal 48 hours later, but hematocrit 
values were still depressed. 

Throughout the course of bleeding, 
plasma protein production took prece- 
dence over hemoglobin production. 
The possibility' e.xists that this condi- 
tion mav have been due. in part, to iron 
lack or faulty iron utilization. 

As a result of bleeding, an increase 
in total slobulin and a decrease in 

O 
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albumin was observed in a dog on a 
purified diet supplemented with liver 
and in another fed a natural stock ra- 
tion. Tlie reverse eflFect occurred in a 
dog given a purified diet without liver. 

Electi'ophoretic studies revealed a 


relative deerease in gamma globulin 
and inereases in the beta-1 and alpha-3 
globulin fractions of the plasma in all 
3 dogs following repeated removal of 
whole blood. 
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Observations. 1. Illustrations of 
Anticoagulants Affecting Serial Di- 
lutions OF Whole Plasma Prothrom- 
niN, Fig. 1 represents arbitrary dilutions 
of normal plasma, plasma obtained 
from a heparinized normal individual, 
plasma obtained from a dicumarolized 
normal individual, and plasma ob- 
tained from an untreated patient with 
pulmonary infarction which contained 
an anticoagulant-like substance (auto- 
anticoagulant). These dilutions were 


curve it is evident that heparin exerts 
a maximum effect upon tlie whole 
plasma protlirombin time and a .slight 
effect upon the more dilute prothrom- 
bin times when compared with the 
curve of normal plasma. The effect 
upon the prothrombin time of heparin 
is immediate and is usually not detec- 
table 4 hours after it is administered 
parenterally. The action of heparin is 
also observed in a prolongation of the 
coagulation time. 
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FIG. 1.— Effect of aulo-anlicoagulant, Dicumarol and licparin on wlmlc .tnd dilute 

plasma prothrombin. 


made by diluting whole plasma with 
physiological saline solution according 
to the method outlined by Quick.” 

The dilution curve of whole plasma 
nrothronlbin showm here is a repre- 
.dve one for rabbit lung thrombo- 
^yiastin. The heparinized plasma dilu- 
tion curve illustrated is from a nonnal 
indmdual whose blood was taken 45 
minutes after administration of 50 mg. 
of heparin intrax'cnously. From this 


The dicumarolized plasma repre- 
sented in Fig. 1 is from a normal indi- 
vidual on daily therapeutic doses (50 
to 150 mg.) of Dicumarol. Prolonga- 
tions in prothrombin times of d'cttrna- 
rolized plasma occur in all dilutions 
as illustrated in this figure. Dicumarol 
produces a moderate prolongation of 
tlie whole plasma prothrombin time 
and a marked prolongation of the di- 
lute plasma prothrombin time. 
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2 . Method of DETEK^^NING Hepakin 
AND Dicumarol Dosage During the 
Initial Phase of Combined Antico- 
agulant Therapy. After an initial 
therapeutic dose of Dicumarol (300 
mg.) there is an average lag phase of 
48 hours before its hypoprothrombin- 
emic effect is obtained. Inasmuch as 
heparin administered parenterally has 
an instantaneous effect upon coagula- 
tion and whole plasma protlirombin 
times, therapeutic amounts of heparin 
and Dicumarol are given simultaneously 
to obtain an immediate anticoagulant 
effect. We have found tliat the 12.5% 
plasma prothrombin time is the best 
guide to Dicuramol therapy during the 
first 48 hours. This is because the 12.5% 
plasma prothrombin time is only slightly 
affected by heparin as illustrated in 
Fig. 1. If Dicumarol is given according 
to the prolongation of the whole plasma 
prothrombin time during this period, 
insufficient dosage will be administered 
since the prolongation of the whole 
plasma prothrombin time may be due 
to the effect of heparin. The obvious 
method is to take the blood for pro- 
thrombin determination at least 4 hours 
after parenteral heparin administration. 
However, whether heparin is adminis- 
tered continuously by intravenous drip 
or in Pitkin’s menstruum or intermit- 
tently during the lag phase of dicuma- 
rol, the prolongation of the 12.5% 
plasma prothrombin time is the most 
accurate guide to the hypoprothrom- 
binemic effect to Dicumarol. From our 
e.vperiences during the combined use 
of heparin and Dicumarol we have con- 
cluded that the whole plasma prothrom- 
bin time should be done routinely. 
Howe\'cr, during this period the 12.5% 
dilute plasma prothrombin time is the 
significant determinah'on upon which 
Dicumarol dosage is based. 

3. Dise.\ses in Which Anticoagu- 
l.\nt-ltke Substance (Auto-antico- 
aculant ) Has Been Obser^tid. The ef- 
fect of the anticoagulant-like substance 


present in the diseases to be enumer- 
ated is detected in the whole plasma 
prothrombin time but is usually unde- 
detectable in the 12.5% plasma since 
the substance is generally rendered in- 
effective by diluting 1.8.^^ Tliis effect 
upon the whole plasma prothrombin 
time with little or no change in the di- 
lute plasma prothrombin time has been 
observed in diseases associated witli 
thrombosis, inflammation or necrosis, 
as shown in Table 1. 

TABLE l.-DISEASES ASSOCIATED 
WITH ANTICOAGULANT-LIKE 
SUBSTANCE 


Number 

Diseases of cases 

Myocardial Infarction 70 


Phlebotlirombosis or Thrombophlebitis 45 

Pulmonary Infarction 23 

Acute Cholecystitis 4 

Carcinomatosis 12 

Acute Rheumatoid Arthritis ... 2 

Acute Rheumatic Fever 4 

Fractures 0 

Cerebro-Vascular Accidents ... 7 

Arterial Emboli and Thrombosis . . 0 

The nature of this anticoagulant-like 
substance is apparently an inhibiting 
agent not concerned with the produc- 
tion of prothrombin. The 12.5% plasma 
prothrombin time can be normal when 
the whole plasma prothrombin activit)’ 
is as low as 10%. A normal 12.5% 
plasma prothrombin time indicates a 
normal amount of prothrombin pres- 
ent. To cite an example of the extreme 
quantitative effect of anticoagulant-like 
( auto-anticoagulant ) substance, we re- 
cently observed a case of superficial 
thrombophlebitis of the right leg fob 
lowing trauma to that leg. The patient 
was a 67 year old female with moderate 
bilateral saphenous varicosities'. She was 
admitted 2 days following a pulmonary 
embolus. At this time the patient had 
a coagulation time of 40 minutes, a 
whole plasma prothrombin time of 33-5 
seconds (normal, 12.5 seconds), and a 
12.5% dilute plasma prothrombin time 
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of 35.7 seconds (normal, 28.5 seconds). 
On admission the patient was acutely 
ill and was treated solely with Dicu- 
marol and supportive therapy as only 
a slight degree of prothrombin defi- 
ciency was present. Twenty-four hours 
later the coagulation time was normal 
and the inhibitor effect in tlie pro- 
thrombin times was less marked tivan 
it was upon admission. At this time 
heparin was also given until the dilute 
plasma prothrombin time showed a 
prolongation to a therapeutic Dicuma- 
rol range. 

The impressions cited here have 
been observed during the performance 
of approximately 9,000 serial prothrom- 
bin determinations on a control series 
of patients. 

A dilution curve of plasma contain- 
ing the anticoagulant-like substance 
(auto-anticoagulant) closely resembles 
that of heparinized plasma as illus- 
trated in Fig. 1, Knowing that prota- 
mine sulfate possesses the ability to 
remove heparin from blood in vivo and 
in vitro, we have attempted to remove 
the anticoagulant-like substance (auto- 
anticoagulant) from the plasma with 
protamine (in vivo and in vitro). In no 
instance have we been able to elimi- 
nate the anticoagulant-like (auto-anti- 
coagulant) effect by protamine sulfate. 
This leads us to believe tlie substance 
observed by us is not heparin. The 
effect of prolongation of the whole 
plasma protlirombin time caused by the 
anticoagulant-like substance has in each 
instance been observed to disappear 
following operation, if due to acute 
surgical inflammator)f disease. Simi- 
larly, it disappears with subsidence of 
infection or resolution and fibrosis if 
from myocardial infarction. 

Doles® reports the presence of hypo- 
protliroinbinemia in acute coronar)’ 
thrombosis and has treated these pa- 
tients with vitamin K. He believes 
r the In’poprotlirombinemia is an in- 
dication of hemorrhage. We too have 


used vitamin K in tlie presence of 
the inhibiting agent but we ha\’e not 
observed any change in tlie prothrom- 
bin time. Indeed, it would have sur- 
prised us to obtain a change in the pro- 
thrombin determination in the presence 
of the inhibiting agent, inasmuch as the 
dilute prothrombin time is cssentiaily 
normal in its presence and does not 
indicate a hypoprothrombinemia. 

4. Presence of Hypercoacularle 
AND Anticoagulant-like Substance in 
Myocardial Infarction, Phlebitis 
AND Pulmonary Embolism. In patients 
wnth coronary symptoms we ]ia\'e per- 
formed serial prothrombin determina- 
tions along with the routine work-up 
for this disease. Several have been ob- 
served during the coronar)'- insuffi- 
ciency stage before a definite myocardial 
infarction occurred. Most of the pro- 
thrombin determinations were nonnal 
in botli die wliole and 12.3% dilute 
plasmas during this stage. During the 
observation period 11 patients dcvel- 
0]3ed typical myocardial infarctions sub- 
stantiated clinically and elcctrocardio- 
graphically. At the time of the occlu- 
sion these patients have a diininislicd 
whole or 12.57o dilute plasma prothrom- 
bin time or both (hypercoagulable). 
The hypercoagulable (accelerator) ef- 
fect occurs concomitantly with the onset 
of myocardial infarction. We believe 
that the prothrombin determination is 
inadequate in predicting myocardial 
infarction. An illustration of what oc- 
curs to tlie prothrombin time in myo- 
cardial infarction mav be seen in Fig. 
2. The presence of the anticoagulant- 
like substance has been observed as 
early as the first day following myo- 
cardial infarction and has usually dis- 
appeared by tlie 3rd to 6th week de- 
pending upon the extent of tlie myo- 
cardial infarct as seen in Fig. 2. 

The indi\ idual witli a massive hyper- 
coagulable (accelerator) effect may 
continue to illustrate this action in the 
12.o7c plasma during the anticoa^dant- 
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like phase. For example, during the 
anticoagulant-like phase the 12.5% 
plasma prothrombin time may be: 1, 
shorter (accelerated); 2, normal; 3, 
slightly prolonged or inhibited. This 
indicates: 1, an increased tendency to 
clot; 2, a normal prothrombin content; 
3, evidence of increased anticoagulant- 
like substance affecting even the 1:8 
dilution. 


In diflBcult diagnostic conditions such 
as phlebothrombosis and pulmonary in- 
farction, the prothrombin determina- 
tion of whole and 12.5% plasma is of 
definite diagnostic value. During the 
early thrombotic period the times of 
either whole plasma, dilute plasma, or 
both determinations will be shorter 
than normal (accelerator phase). This 
is followed shortly by a prolonged 



FIG. 2.— Whole and 12.5% dilute protlironibin limes in myocardial infarction. 


TABLE 2.-EXAMPLES OF PLASMA CON- 
TAINING NATURALLY OCCURRING 
IIVPERCOAGULABLE AND ANTI- 
GOAGULANT-LIKE SUBSTANCES 


Wliolc Plasma 

12.5S<> Plasma 


Prothrombin 

Prothrombin 


Time 

Time 


(second-^) 

(seconds ) 

Normal Plasma 

12.5 

28.5 

llvpcrcoagulable 
Plasma, Marked 



Effect 

Anticoagulant-like 

1 0.0 

20 0 

Plasma, Marked 
Effect 

18.0 

.34.0 

-Anticoagulanl-like 
Plasma, Moder- 
ate Effect 
.Anlicoamilant-like 
Plasma, with 

1.5.0 

28.5 

Ilvpereoagulablc 
Effect Present 

IS.O 

24.0 


whole plasma prothrombin time (auto- 
anticoagulant phase). However, it must 
be emphasized that these changes may 
be influenced by certain inflammatory 
processes already existing. 

Ware et aU- have demonstrated the 
presence of an Ac-globulin accelerator 
factor in normal plasma. With increas- 
ing concentration of the Ac-globulin 
accelerator factor the prothrombin 
time is made shorter. This plasma Ac- 
globulin is probably an inert protein or 
a pro-enzyme.'® The isolation of this 
factor clarifies the mechanism of the 
conversion of prothrombin and fibrino- 
gen to fibrin. Whether this factor is the 
one responsible for the hypercoagu- 
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lable plasmas which we have observed 
is unknown to us. 

Discussion. Taking into considera- 
tion the presence of a naturally occur- 
ring anticoagulant in the above diseases 
outlined, the fact that thrombosis does 
not occur in some of these conditions 
poses tlie question: Is this Nature’s way 
of preventing thrombosis? In follow-up 
cases of myocardial infarction, some 
plasmas have been found to be hyper- 
coagulable. Many of these patients have 
typical anginal symptoms and others 
are symptom-free. Tlxe question is 
raised of whether to use prophylactic 
anticoagulant therapy (Dicumarol) in 
the presence of hypercoagulability pre- 
ceding or following myocardial infarc- 
tion. Hypercoagulable plasmas have 
been found pre-operati^'ely as well as 
post-operatively. Some of these patients 
have a histoiy of phlebitis and others 
of varicose veins, ^^dlether patients with 
hypercoagulable plasmas are candidates 
for phlebothrombosis and pulmonary 
embolism is a question which needs 


7.5 

further investigation. A large series of 
cases demons&abng this phenomenon 
will ha\'e to be re\'iewed before a defi- 
nite conclusion can be dra\\m. 

Summary, 1. A review of the litera- 
ture on naturally-occurring heparin- 
like substances is presented. 

2. Tlxe action of heparin upon the 
prothrombin time is illustrated and 
compared with the effect of Dicumarol 
on the prothrombin mechanism. 

3. From the whole and dilute pro- 
thrombin determinations there is de- 
vised a simple plan for adequate regu- 
lation of heparin and Dicumarol during 
the initial combined anticoagulant 
treatment of thromboembolic diseases. 

4. The presence of naturallv-occur- 
ring hypercoagulable (accelerator) and 
anticoagulant-like substances is illus- 
trated with cases cited. 

3. The prothrombin mechanism in 
relation to thromboembolic diseases, 
particularly myocardial infarction, is 
investigated and evaluated. 
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The treatment of edema, occurring 
in the course of chronic congestive 
heart failure, is in a more satisfactory 
state today than at any time in the past. 
By the sufiBciently frequent administra- 
tion of mercurial diuretic agents and, 
or, a sodium poor diet, together witli 
other rational measures for the treat- 
ment of congestive heart failure (rest, 
digitalis, oxygen), in most instances 
water retention can be effectively com- 
bated. With the patient suffering from 
congestive heart failure properly 
trained on a salt poor regime, no longer 
are the stringent fluid limitations of 
former years in order. Recent work 
adequately establishes®’^ the fact that 
such fluid limitation is not only un- 
necessarj' but distinctly detrimental. 

Notwitlistanding the general effec- 
tiv’eness of the regime outlined above, 
an occasional patient is encountered 
whose edema (or anasarca) responds 
little or not at all to the measures 
mentioned. In such patients recourse 
to other diuretic agents (ammonium 
chloride, potassium salts, urea, amino- 
phyllin) has been of little value in our 
e.vperience. Even in instances of estab- 
lished hj’poproteinemia, when the 
strikingly lowered serum albumin 
seemed to play some part in the genesis 
of the intractable edema, all clinical 
measures available to us for the ame- 
lioration of the hypoproteinemia 
proved futile. 


The patient in chronic congestive 
heart failure who responds to mercurial 
injection with satisfactory diuresis does 
so, it is believed, because the mercurial 
acts on the renal tubule, reducing so- 
dium reabsorption. Thus there is a large 
increase, not only in the total sodium 
output, but also in the concentration of 
sodium in the urine.® 

The patient in heart failure, with 
extensive water retention, who man- 
ifests little or no diuresis after the 
administration of mercuhydrin or salyr- 
gan, is one in whom such mercurial 
administration results in little or no 
additional sodium excretion. Marked 
reduction in glomerular plasma fil- 
tration leads quite obviously to parallel 
reduction in the amount of salt filtered 
through the glomerulus into the tubule. 
This means, as Leiter has indicated,® 
that, as effective as mercury may be in 
reducing tubular reabsorption (rarely 
below 96%), in such instance the 
amount of sodium filtered and failing 
of reabsorption (and hence excreted) 
may be insignificant. 

Leiter® has taken advantage of the 
necessity of removing ascitic fluid in 
patients wth intractable cardiac edema 
and ascites by cariying out peritoneal 
dialysis with the instillation of several 
liters of 5% glucose. Tlie fluid is re- 
moved from the peritoneal cavity after 
2 or .3 hours, and is found to contain 
almost as much salt as the plasma. This 


• Tlio nutlior wislies lo acknowledge liis indebtedness to Dr. S. L. Cohen, who cooperated 
in the medical mnnagcmfnt of this case, and to Dr. J. Birnbaum, wlio performed the necessary 
siirgieal measures. 
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procedure is reported to have the same 
effect on tlie individual as an effective 
dose of mercurial— a profuse diuresis. 

We recently encountered a patient 
with chronic congestive heart failure 
whose edema was as" massive as any we 
have seen. As detailed below, all die 
usual measures for securing diuresis 
proved futile. During 9 days of obser- 
vation and treatment the fluid retention 
became progressively more marked. 
There was no ascites demonstrable on 
physical examination. Having in mind 
the technique described by various 
workers for continuous peritoneal irri- 
gation, we reasoned that consider- 
able sodium loss from the body might 
be achieved in this case if a suitable 
fluid were used widi such technique. 
It should be noted that in acute renal 
insufficiency die irrigating fluid is 
chemically designed, among odier 
things, to maintain the prevailing state 
of fluid and electrolyte balance. The 
obiective is solely to provide, in acute 
reversible renal insufficiency, an extra- 
renal mechanism for the excretion of 
nitrogenous and other waste products 
which, under ordinar}' circumstances, 
would be excreted by the kidne}^s. Our 
objective, on the other hand, was to 
use the same technique of continuous 
peritoneal dialysis, but only for the 
purpose of ridding the body of consid- 
erable sodium (and water). Five per 
cent glucose was used in this case. 

To our knowledge, this is the first 
case report of a patient with intractable 
cardiac edema treated by the method 
of continuous peritoneal irrigation. 

Report of Case. Mr.s. F. W.. 47 years of 
ace, white, marriccl, and nnlliparous. was rc- 
aclmiUcd to the Jewish Memoriai ITospilal on 
Ancu-sl 7, 194S. .She complained of shortness 
of breath and marked swelling of the abdo- 
men and .all four limbs. She had had several 
attacks of rheumatic fever in childhood, after 
which she invariablv had dyspnea on mild 
effort. During the p.asl 10 ye.ars this SMnptnm 
became progrcssi%-eh’ more marked. Since Sep- 
tember, 1947, .she took digitalis consistently. 
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and received merculiydrin injections once 
weekly. In February', 1948, 7 montlis before 
the present admission, she was admitted to 
the Jewish Memorial Hospital in a critical 
state with a diagnosis of rheumatic licart 
disease, mitral stenosis, auricular fibrillation 
and severe right and left conjicstivc heart 
failure. Treated by rest in bed, digitalis, very 
frequent mercurial injections, oxygen, and 
fluids ad lib., she improved dramatically, and 
on her discharge, April 1, 1948, after a hos- 
pital stay' of 37 days, she wciglied 67 pounds 
less tlian on admission. She was ambulatory 
at the time. 

Following discharge from the hospital, the 
patient continued on oral digiloxin, 0.2 mg. 
daily', and received repeated injections of 
mercuhydrin. How carefully she followed a 
sodium poor diet is questionable. In spite of 
marked limitation of phy'sical effort, she be- 
came progressively' more dyspneic on effort, 
and finally’, ortliopneic. At the same time her 
lower extremities became more and more 
swollen, and in the several weeks before ad- 
mission her abdomen and upper extremities 
likewise became swollen. When her orthopnea 
finally’ became intolerable the patient was 
readmitted to the hospital by amlmlancc. 

Tlie family histnni revealed only that the 
patient’s mother, having suffered from heart 
disease for many years, died at the age of .50, 
either of heart failure or a "hc.art attack”. 

Physical examimiion on admission revealed 
a very seriously ill patient. Blood prcsstirc 
130/80. She was markedly cyanotic and or- 
thopneic. There was auricular fiiiriiiation and 
a heart rate of 90 per minute. Conjnncfivae 
were suffused. Ocul.ar fundi were normal, ex- 
cepting for marked venous congestion. Facial 
edema was noticeable. Even in the full sit- 
ting position there was marked cngorc'cmenl 
of the cervical veins. Coarse moist r.alcs were 
audible throughout the chest. The heart was 
inarkcdlv enlarged, with the classical siijns of 
mitral stenosis. Rate and rhythm as mentioned. 
The abdomin.al wall w.as so edematous, espe- 
cially latcrallv and in the suprapubic region, 
as to he obviously several inches thicker than 
normal. The hepatic edge was palpable 3 
fingers breadth below the costal margin, firm 
and not tender. No physical signs of ascites 
could be elicited. Tlicrc was massive edema 
of both lower extremities from tbs- feet 
through the groins. Tin's edema of tlm lower 
extremities was more marked than in any 
c.asc wo can recollect. Both forearms xvrre 
likewice vetv edem.rlous, though not gignnti- 
txrllv. 

Lahoraton/ examination revealed li'mie/glo- 
bin 11. *2 gm,. erythrocytes 3.400.009; 
evtes and difTcrcnti.il count within H'lnui! 
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limits. Blood Wassennann test was negative. 
Repeated urine examinations revealed specific 
gravity always between 1010 and 1012. Al- 
bumin was consistently 3 plus, and at all times 
there were numerous hyaline and granular 
casts. Sedimentation rate witliin normal limits. 
Blood chemical examination revealed urea 
nitrogen varying between 32 and 59 mg. per 
100 cc., and blood sugar, serum albumin, 
serum globulin, cholesterol within normal 
limits. Standard urea clearance was 17% of 
normal. Roentgen-ray (portable) examination 
of chest disclosed marked enlargement of the 
heart to the right and left, no infiltration or 
consolidation demonstrable in lung fields. 
Electrocardiogram disclosed marked right axis 
delation and auricular fibrillation with ven- 
tricular rate of 90 per minute. 

The diagnosis, as on the previous admis- 
sion, was: rheumatic heart disease, mitral 
stenosis, auricular fibrillation and severe right 
and left congestive heart failure. In addition, 
there was renal damage and renal insufllciency 
with nitrogen retention. 

Treatment. The measures which had proven 
so successful in the management of this pa- 
tient on the first admission were to no avail. 
On several occasions mercuhydrin and salyr- 
gan injections were without any effect on the 
patient’s urine output, which remained con- 
sistently at 500 to 600 cc. per 24 hours. It 
was thought unwise to continue mercurial 
injections under these circumstances. On 
September 14 the patient was noted to be 
amaurotic. Neither we nor the ophthalmologic 
consultant could detect any pertinent fundus 
or other changes to account for the blindness. 

With some misgivings it was finally de- 
cided, since the patient was growing worse 
with greater accumulation of edema, to insti- 
tute continuous peritone.al irrigation, using 5% 
glucose with added penicillin. Accordingly, on 
September 16, 1918, 9 days after the pa- 
tient’s readmission, a No. 24 muslnoom cath- 
eter and a sump drain were inserted into the 
peritonc.al casity, the former in the right 
siibcosl.al region and the latter above the left 
groin. The connections and apparatus were 
essentially as described by Seligman, Frank, 
and Fine.® and others.^---'* Penicillin m con- 
ventional dosage was administered intramus- 
cularh- throughout the period of irrigation. 
During the inters’al from September 16 to 
September 22, 500 to 1000 cc. of 5% glucose 
per hoTir were permitted to flow into the 
peritoneal space. Although improvement was 
s-isible. on September 22 the amount was 
curtailed to 200 cc. per hour because of the 
poor outflow, and on September 24 both the 
catheter and sump drain were remos’ed be- 
cause of scant return. At no time did the 


patient manifest any symptoms of peritonitis. 

On September 20 there was a striking im- 
provement in the appearance of the patient. 
The facial edema had cleared entirely as had 
tlie edema of the forearms. The lower limbs 
were much less edematous. The edema of tlie 
lower extremities continued to diminish rap- 
idly and on September 24, when the catheter 
and sump drain were removed, there was 
only minimal pretibial edema. Also on that 
day the patient was observed to have recov- 
ered her vision completely. We have unfortu- 
nately, no record of the weight change in 
this patient, since, when her edema was maxi- 
mal, our nursing staff found the patient too 
immobile to get her out of bed for weighing. 
We are certain, however, that she lost more 
edema fluid between September 16 (the day 
the procedure was started) and September 24 
(the day it was terminated) than during her 
previous hospital stay, and on that occasion 
she lost 67 pounds. The measurements in 
Table 1 sviU give some idea of the dramatic 
decrease in edema. 

TABLE 1. COMPARATIVE CIRCUMFER- 
ENCES BEFORE AND AFTER PERI- 
TONEAL IRRIGATION 

At level of 

L. coif R. calf Iliac crests 

Sept. 15 60 cm. 58 cm. 121 cm. 

Sept. 25 30 cm. 29 cm. 100 cm. 

Serum sodium determination on September 
18, before the lavage was started, was 343 
mg. per 100 cc. Daily determinations until 
September 24, the date of discontinuance, 
disclosed progressive fall in this level to 291 
mg. per 100 cc. Total proteins remained un- 
changed. COj combining power fell progres- 
sively from 48.5 to 37.6 vols.%. The drainage 
fluid at all times contained significant con- 
centrah'ons of sodium, varying from 312 mg. 
per 100 cc. to 331 mg. per 100 cc. 

Comment. This case is reported for 
the sole purpose of recording the fact 
that continuous peritoneal irrigation 
with 5 % glucose was followed by strik- 
ing diminution of edema of cardiac 
origin in a patient in whom conven- 
tional measures had proved futile. 
Experience in one case of course does 
not justify a conclusion that this treat- 
ment is indicated in all cases of similar 
character; but it does suggest, we 
believ’e, that further study of extrarenal 
means of depleting body sodium is 
warranted. Nor are we convinced that 
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5% glucose is tlie best possible solution 
lor this purpose. Conceivably a more 
physiologically acceptable solution can 
oe designed. It is also suggested, if 
further experience proves the mediod 
to be clinically feasible, that it may be 
applied as well in certain selected cases 
of non-cardiac edema, if in those 
instances the continued accumulation 
of body water threatens the life of the 
patient. The decrease in body water by 
the measure described is in accord 
with the prevailing concept of the role 
of sodium in cardiac edema. Although 
no unfavorable results have been 
observed as a result of the surgical 


procedure, it is obvious tliat it should 
not be employed except in se\'ere cases 
where non-surgical treatment has been 
without avail. 

Summary, 1, Continuous peritoneal 
irrigation with 5% glucose was used in 
a case of congestive heart failure with 
massive edema in whom conventional 
measures proved futile, 

2. This procedure was followed by 
great loss of edema fluid and “short 
term” striking improvement of the 
patient. 

3. The drainage fluid from the peri- 
toneal cavity contained significant con- 
centrations of sodium. 
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Chemical and therapeutic studies of fective. However, clinical experience, 
sulfonamide combinations have demon- especially that of Lehr,®'® suggested 
strated that the total amount of sul- that combined sulfonamides were more 
fonamide that can be held in solution efficacious. Zeller, Hirsh, Sweet, and 
in urine is substantially increased when Dowling® compared the response to 
two or more of these substances are sulfadiazine and sulfamerazine, ad- 
administered simultaneously.^'®'®'® Thus ministered simultaneously, to that ob- 
it is possible to diminish the hazard of tained when the single drug was used 
irritation to the urinary tract from sul- in the treatment of meningococcic men- 
fonamide crystals or calculi by means ingitis. There was a slight, but not sig- 
other than administration of alkali, nificant, difference in case fatality rates 
Since sodium bicarbonate or other alka- with combined drug tlierapy, but no 
linizing adjuvants, to be completely difference in the clinical course. Toxic 
effective in lowering the incidence of reactions occurred with somewhat 
renal complications, must be given in greater frequency, possibly as a result 
amounts capable of causing undesir- of the higher daily dosages of the sul- 
able effects, there is reason to beh'eve fonamides used in combination. Differ- 
that the use of sulfonamides in mix- ences observed were minimal and of 
tures is advantageous. uncertain significance. 

The opinion has been prevalent, par- During the past 3 years, sulfonamide 
ticularly among laboratory investiga- mixtures! have been used at this hos- 
toTS, that combinations of sulfonamides pital in treatment of pneumonias and 
in mixtures offered no advantage from other acute systemic infections! f. In 
tlie purely chemotherapeutic stand- this paper, the results in treatment of 
point over the single compounds. Some pneumonia have been compared widi 
held tliat mixtures would be less ef- tliose obtained by use of sulfadiazine 

• This work was aided by a grant from the Research Fund for Infectious Diseases, University 
of Pennsylvania, Philadelpliia, Pennsylvania. 

•* Present Address: The William Pepper Laboratory of Clinical Medicine, Hospital of the 
University of Pcnnsjlvania, Piiiladelphia, Pennsylvania. 

! Sulfadiazinc-siilfamerarine mixtures used in our studies were supplied as Combisul-DM by 
Dr. Norman L. ifcminwa\', Sebering Corporation, Bloomfield, New Jersey. 

! ! Clinical facilities were given us for tliis study by the following Chiefs of Service: Doctors 
Frieda Baumann, R. S. Boles, C. L. Brown, Thom.is Durant, Uiomas Klein, D. W. Kramer, 
D. N. Kremer, tP. G. Leanian, Jr,, S. A. Loewenberg, and T. G. Sclinabel. 
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alone, from the standpoint of chemo- 
therapeutic effectiveness, toxic manifes- 
tations, and the occurrence of crystals 
of sulfonamide in urine. The latter may 
be presumed to represent, for the pur- 
pose of this comparison, tire hazard of 
mechanical injury to the urinary tract 
related to low solubility of tire sulfona- 
mides used and their derivatives. 

Experimental. Two separate therapeutic 
experiments were conducted. The first em- 
ployed as subjects the patients with a diagno- 


carbonate daily. Patients receiving sulfadia- 
zine or sulfamerazine also received sodium 
bicarbonate in this amount. Except for the 
subgroup of 28, none of the patients receiving 
the drug mixture received alkali adjuvants. 

If the patient failed to show evidence of a 
satisfactory clinical response to sulfonamide 
medication xrithin 24 to 48 hours after starting 
therapy, an antibiotic was prescribed ns a 
supplement. Patients who were desperatclj’ 
ill on admission received combined sulfona- 
mide and penicillin therapy and neither these 
nor tlie preceding were included in the evalu- 
ation of therapeutic response. However, urine 
specimens from these patients were examined 
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to sulfadiazine alone. 


sis of pneumonia on the Fever Ward of the 
hospital from February to June, 1946. Since 
this included only a portion of the pneumo- 
nia season, a second series was investigated, 
starling in December, 1946, and continuing 
through Ma)', 1947. The plan was that used 
in previous therapeutic trials by our group, 
assigning the patients systematically, without 
selection, to the several treatments that were 
under comparison. One hundred and sixty- 
nine patients received a mixture of equ.al p.arts 
of sulfadiazine and sulfamerazine, while 139 
received sulfadiazine alone, and 45 sulfamcr- 
azine alone. An additional group of 28 p,a- 
tients received the sulfonamide mixture, but. 
in addition, were given 6 gm. of sodium bi- 


regularly for presence of sulfonamide civ’stals. 

The problems arising in connection with 
the diagnosis of pneumonia have been dis- 
cussed in a recent paper from this hospit.aU 
and Uie reader is referred to it for iufomva- 
tion concerning the patients undergoing study, 
as well as tlic factors infliiencing the diag- 
nosis. In prexdous reports, a statement w.is 
made tliat the diagnosis of tx'pical pneumonia 
was established in cverv* case by the natunvl 
liislon’ of the dise.asc, the findings on physical 
examination, and. when indicati-d. by roent- 
genological studies. .-\s a result of knowicd *e 
gained in recent yc.ars. it must now be recog- 
nized that by these criteria and by the find- 
ings on sputum cultures it is not possible to 
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differentiate accurately between pneumococ- 
cal pneumonias and those of a viral origin. 
In the present study, pneumococci were iso- 
lated from tlie sputa or blood streams of 
approximately 70% of the pneumonia pa- 
tients. Typing was done on pneumococci 
isolated from blood cultures. 

Dosage. Two dosage schedules were em- 
ployed. An initial 3 gm. by mouth was fol- 
lowed by 1 gm. every 6 hours in all except 
22 patients. The latter received an initial dose 
of 6 gm., followed by 1 gm. every 6 hours. 
This deviation from the standard dose caused 
no perce,ptible improvement in response and 
was therefore abandoned. The average total 
dose of the successfully treated patients was 
about 32 gm. All patients received at least 
2500 cc. of fluid during each 24 hour period, 
insofar as this was possible. 

Examination of urine specimens for the 
presence of crystals of sulfonamide was made 
as described previously,^ using the sediment 
separated by centrifugation from 50 ml. sam- 
ples of urine. The sediment was suspended 
in 0.5 ml. of urine and a drop e.xamined un- 
der the low power objective of a microscope. 
The specimens were examined 1 to 2 liours 
after being voided, being held in the interim 
in an incubator at 37° C. 

Results. The response of the patients 
receiving the sulfonamide combination 
was superior to that observed when 
single sulfonamides were administered. 
This was manifested by a more rapid 
initial fall in temperature following ad- 
ministration of the drug and by an 
earlier return to normal temperature 
in the groups treated with combined 
sulfonamides (Fig.l). The differences 
are sufRciently large to make it unlikely 
that they are due to chance. Applica- 
tion of the chi square test gives statis- 
tically significant P values in both tab- 
ulations (P=<0.02 and P=<0.01) 
when the number of patients in the 2 
groups showing initial temperature fall 
or normal temperatures respectively is 
compared. Tlie difference between the 
mean number of days required for the 
initial temperature fall is just short of 
the usually accepted level of signifi- 
cance with P=0.07. Howex'er, the 
corresponding difference for return to 
normal temperature is without signifi- 
cance. 


Patients who did not do well on the 
sulfonamide therapy were given peni- 
cillin in addition, and the number re- 
ceiving penicillin supplementation pro- 
vides a further test of comparative ef- 
fectiveness. Eight patients of the sulfa- 
diazine treated (1946-1947) group 
were so supplemented out of a total 
of 107 (7.5%), as compared with 6.1% 
receiving the combined sulfonamides. 
This is not a significant difference, yet 
it suggests that the combination ther- 
apy was no less effective than sulfadia- 
zine. 

The average length of time required 
for treatment of pneumonia by means 
of the combined sulfadiazine-sulfamer- 
azine preparation was 6.0 days, as com- 
pared with 6.3 days when sulfadiazine 
alone was used. Patients receiving sup- 
plementary penicillin were not includ- 
ed in this comparison. Six deaths oc- 
curred in the sulfadiazine treated 
group and 4 in the combined sulfona- 
mide group, but, only 2 could be at- 
tributed to pneumonia, 1 in the sulfa- 
diazine treated group and 1 in the sul- 
fadiazine-sulfamerazine treated group. 
Each of these patients had received 
antibiotic therapy in addition to the 
sulfonamide. The others were the re- 
sult of complicating disease, including 
tuberculous meningitis (2), meningo- 
coccic meningitis, alcohoh'sm, and hy- 
pertensive cardiovascular disease (2), 
terminal renal disease, and rheumadc 
heart disease with terminal pulmonai}’ 
infarct. 

Concentrations of sulfonamide in 
serum. Administration of combined 
sulfadiazine and sulfamerazine gave an 
appreciably higher concentration in 
serum than did sulfadiazine alone. The 
average concentration during admin- 
istration of the former was 14.4 mg. 
per 100 ml. (e.vpressed as sulfadia- 
zine), as compared with 11.3 mg. for 
sulfadiazine. Sulfamerazine is kno\m 
to give higher concentrations in plasma 
than sulfadiazine. Tin's would explain 
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in part the higher levels resulting from 
the combined drugs. Another cause is 
the omission of sodium bicarbonate as 
an adjuvant. Administration of the 
large amounts of sodium bicarbonate 
required to maintain an alkaline reac- 
tion in urine depressed the concentra- 
tions of sulfonamide in blood.^ The 
smaller quantity of sodium bicarbonate 
used in treatment of some of the pa- 
tients also had an appreciable effect 
on plasma concentrations, seen in the 
group of patients that recei\’’ed sodium 
bicarbonate (at the rate of 6 gm. daily) 
with the combined sulfonamides. The 


as tliat observ'ed in tliose recei\’ing sul- 
fadiazine wth or without 6 grams of 
sodium bicarbonate daily. This amount 
of sodium bicarbonate is less than that 
found necessar)' to render the urine 
sufficiently alkaline to eliminate sulfon- 
amide crystal formation,*-’’ liowexer, 
we continue to remain in doubt con- 
cerning tlie ad\dsability of giving large 
amounts of sodium bicarbonate to a 
group of patients that includes manv 
widi impaired cardiac rescr\c. 

In die 1946 series, microscopic hem- 
aturia occurred in only 2 of 104 pa- 
tients receiving combined sulfonamide 


TABLE I.-INCIDENCE OF CRY.STALLU1UA IN 4 KINDS OF 
SULFONAMIDE THERAPY 


Snifadiazine- 

sulfamerazine 

combination 

6 gni./day 

Total 

169 

P.iticnts 

Number with 
cr>'5tallurift 

49 

Sulfadiazine 

6 gm./day plus 

6 gm. sodium 
bicarbonate 

107 

24 

Sulfadiazine 

R gm./day 

32 

11 

Sulfadiazine 
fi gm./day 

45 

19 


average concentration of sulfonamide 
in plasma was lower by about 10% in 
this group than in the patients not re- 
ceiving the alkali. 

Cri/stalhtria and urinarij tract enm- 
pJicntions. The use of a combination 
of sulfadiazine and sulfamerazine re- 
sulted in a decrease in the number of 
urine specimens containing civ'stals of 
the sulfonamides (Table 1). Tlie inci- 
dence of cr\'stals was higher than that 
nbser\-ed initiallv.* but is less than that 
in the group receiving sulfadiazine or 
sulfamerazine without alkali. nowe\'cr. 
the number of patients rccei\'ing the 
combination who showed ciystals in 
urine at some time was about the same 


Urmi' Sprcimrn>. 


Per cent 

Tot.^I 

Number with 
cr>-sl!ils 

Per c(nt 

29.0 

549 

S9 

16.2 

22.4 

506 

39 

* 

12.7 

34.6 

60 

17 

2R.3 

42.2 

90 

25 

27.7 


therapy, as compared with a rate of 5% 
in sulfadiazine or sulfamerazine treated 
patients. In the 1946-1947 series, erp- 
throcytes and leukocvtcs were observed 
more frequentlv in urine sediments of 
the patients receiving the combination 
(13 of 65 patients) than in those ob- 
tained from the sulfadiazine treated 
controls (4% of the patients'). The sedi- 
ment contained from 2 to 20 erythro- 
evtes per low power field, with morf' 
leukocvtcs than crA’throcytcs. Since the 
sediment examined was obtained by 
centrifugation of .50 ml. of iirinc, the 
number of cells present in the urine 
is small and we believe of minor signifi- 
cance. Furthermore, crv.stals of sulfon:*.- 



84 


SHORE, FLIPPIN, EEINHOLD: 


mide were detected in association with 
the cellular elements in only 6 of the 
13. Finally, the apparently lower inci- 
dence of erythrocytes in the sulfadia- 
zine treated controls is deceptive be- 
cause the higher average pH of the 
urine specimens in this group resulting 
from bicarbonate supplementation 
would decrease their survival. 

Microscopic hematuria of a degree 
that conformed to the usual clinical use 
of the term occurred only 3 times in 
the entire series of 169 patients receiv- 
ing the sulfadiazine-sulfamerazine com- 
bination and 5 times in the 187 sulfa- 
diazine treated patients. Gross hema- 
turia was observed once in the former 
and once in the latter. The hematuria 
occurring in the patients receiving the 
combined drugs was associated with 
crystalluria only in 1 instance, while 
the reverse was true in the sulfadiazine 
treated group. 

Five patients of the combination- 
treated group, in addition to the one 
with gross hematuria, had toxic reac- 
tions which were attributed to the sul- 
fonamides and were considered indica- 
tions for discontinuation of this ther- 
apy: in 1, severe vomiting occurred; 
another developed a leukopenia of 
2800 cells per cu.mm.; 1 showed fever, 
attributed to the drug; 1 developed 
an ecchymotic rash, and 1 showed gen- 
eral signs of to.xicity. The character 
and frequency of these toxic reactions 
did not differ from those encountered 
in the sulfadiazine treated control 
group. 

Discussion. The present study sup- 
ports the %’icw tliat the use of a com- 
bination of .sulfonamides offers adwm- 
lages o\'er the use of a single com- 
pound.’--^’'” The hazard of mechani- 
cal injiirx’ to the urinan' tract is de- 
creased because the total amount of 
sulfonamide capable of being held in 
solution is increased when two or more 
sulfonamides are administered, Tlie 
therapeutic response, as judged by fall 


in body temperature, has been demon- 
strated in tiiis study to be superior 
when a combination of ^ sulfadiazine 
and sulfamerazine is administered to 
that obtained when sulfadiazine alone 
is used at the same dosage level. Pre- 
vious studies have shown sulfadiazine 
and sulfamerazine to be about equally 
effective, hence the gain is not the re- 
sult of a superiority of sulfonamide in 
blood when the combination is used, 
although the levels obtained were no 
higher than those obtainable using sul- 
famerazine alone. The higher concen- 
trations in serum are due to the greater 
tendency of sulfamerazine to combine 
with serum protein and also are the 
result of omission of an alkaline adju- 
vant. Whether the interesting likeli- 
hood ex'ists that the presence of the 
two sulfonamides increases the effec- 
tive concentration in fluids within the 
body, just as it was shown to do in 
urine, remains to be established. 

The low mortality observed with but 
a single death in each group is, in part, 
a result of auxiliary penicillin therapy 
used in pneumonia patients. A factor 
of selection also enters, in that patients 
who were gravely ill on admission, 
were treated at once with sulfonamides 
and penicillin, although elimination of 
these patients would have little influ- 
ence on the comparison that is the sub- 
ject of this paper. Also, the greater 
frequency of viral pneumonias in re- 
cent years is contributory.® 

Zeller, Hirsh, Sweet, and Dowling® 
found fever, rash, or conjunctivitis to 
be more prevalent when a sulfadiazine 
and sulfamerazine mix-ture was used in 
treatment of meningitis, compared with 
the incidence when sulfadiazine or sul- 
famerazine alone was used. The inci- 
dence of these to.xic effects has been 
low in our series and did not differ 
from that encountered in the controls 
receiving sulfadiazine. The dosages 
used bv Zeller and associates® were 
considerably' greater than those cm- 
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ployed in the present study and this 
may provide an explanation for the dif- 
ferences. It should be noted that Zeller 
and associates attribute all of the in- 
crease in toxicity to the use of mixed 
sulfonamides, without assigning any of 
the responsibility to the higher dos- 
age and blood concentrations in tlieir 
mixture treated groups. Objections to 
their conclusions have been offered by 
Lehr.^ 

Since tlie studies described in this 
paper were completed, trial of combi- 
nations containing a tliird sulfonamide, 
namely sulfathiazole, sulfamethazine, 
or others, in addition to sulfadiazine 
and sulfamerazine, has indicated that 
the occurrence of crystalluria can be 
decreased to negligible proportions. 
The superiority of the triple combina- 


So 

tions in this respect suggests tliat they 
may eventually replace the double 
combinations studied in this paper. 

Conclusions. 1. The use of a sul- 
fadiazine - sulfamerazine combination, 
without concomitant alkali drerapy, in 
a series of 169 patients uith a diagnosis 
of pneumonia resulted in a lowered 
frequency of sulfonamide ciy'stals in 
urine approaching that obser\'ed when 
sulfadiazine was supplemented with 
sodium bicarbonate at the rate of 6 gm. 
daily. 

2. The therapeutic efficacy of the 
sulfonamide combination observed in 
the treatment of 149 patients was equal 
to and in some respects was Superior 
to that of sulfadiazine alone in a con- 
trol group of 107 patients. 
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Although it is not possible to cover ease is suspected because of other 
every aspect of any one disease in a manifestations. It is hoped that these 
re\'iew of tin's kind, the purpose of this various difficulh'es will become evident 
paper is to present some of the physi- as this review progresses, 
ologic and clinical advances concern- Thus far in the 53 years since Riva- 
ing “low blood pressure” and to corre- Rocci applied the rubber cuff to the 
late these physiologic considerations mercury manometer or since Korotkow 
with clinical symptomatology, related demonstrated the advantages of aus- 
diseases and management. Shock, an cultation over palpation, the limits of 
abnormal physiologic state associated “normal” blood pressure have not been 
with In^otension, w'll not be discussed established. The more common errors 
in this presentation. of the method which may cause inaccii- 

Definition. Tlie definition of Jujpo- rate, low readings include: (1) failure 
tension as employed by various investi- to exceed the auscultatorj' gap, (2) 
gators varies according to their respec- too rapid deflation of the cuff, par- 
tive standards. Studies which indicate ticularly in the presence of bradycardia, 
an incidence of “liypotension” in (3) leakage of mercury from the appa- 
norinal and healthy people .should be ratus with an initial level below zero, 
\iewcd cautiously. Blood pressure, like (4) failure to place the apparatus on a 
any other biologic phenomenon, has a surface level with the obserx'er’s eye, 
normal distribution or Gausserian resulting in parallactic errors, (5) 
ctir\ e. \’ariations are considerable improper placement of the bell over the 
among a large group of normal people arterx’, (6) changes in calibration of the 
and also from time to time within the aneroid-type manometers, and lastly 
same individual. A person who has no (7) improper positioning of the sub- 
s\-mptoms may have e.vtremely “low ject’s arm-°, 

blood pressure” and still be free from Tlie boundarj' for the lower level of 
any disease. The problem becomes normal .systolic blood pressure has been 
clinically significant only when dis- decreased from 120 to 115 to 110 mm. 

(sf.) 
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of mercury; the last of these is gen- 
erally accepted, primarily because of 
precedence. Some have ventured to 
still lower levels of 100^^ or 90^. The 
United States Army Air Force set 105 
as the lower limit of normal prior to 
1936”" but later this was changed to 
100^*^^ At tlie same time the Royal Air 
Force established the lower limit as 110. 

The uncertaint)^ of what the lower 
limit of normal arterial pressure should 
be is exemplified by Robinson^®-, who 
in 1939 studied 10,833 individuals and 
established the normal range as 90 to 
120/60 to 80; in 1940^®^, however, he 
chose 110 as the arbitrary boundary 
for the systolic pressure because one- 
half the previous writers had selected 
that level. Roberts'”® wrote in 1922 that 
hypotension was one of the indefinite 
problems of medicine and tliat the 
upper limits of the systolic pressure of 
hypotension ranged from 100 to 123; 
he cautiously chose 110 as his dividing 
line. The most recent textbooks of 
medicine set the upper limits of hypo- 
tension as 110/70. It should be empha- 
sized that regardless of the level of 
blood pressure, relative hypotension 
may exist, i. e., tire reading may be 
definitely below the usual one for that 
individual, even though it may be con- 
siderably above “normal” ler'els””’'””. 

Incidence. Early statistical studies of 
blood pressure revealed that 3.5^ of 
persons in good health had ‘1i)'po- 
tension” according to the definitions of 
Alvarez^ and Barach®. In 1939 a study 
of an urban population indicated that 
25% of 11,000 people had systolic levels 
Irelow 110 and 34% had diastolic pres- 
sures below 70. Only 4.5% of the men 
and 1.7% of the women had systolic 
pressures under 90, and only 2 men 
and 4 women examined had systolic 
pressures below 80 mm. of mercurr''”-. 
A study of bank clerks and other 
sedentary workers showed that 38% of 
the men and 38% of the women, whose 
ages ranged from 17 to SO years, had 


hypotension””. Johnson””, selecting 110 
and 140 as the limits of nonnal, 
reported that only 32% of his patients 
had normal blood pressure; in 31% the 
pressures were too high and in 37% 
too low. 

Robinson'”- suggested that statistics 
on blood pressure released by insur- 
ance companies were not valid because 
of a tendency for physicians to “round 
out” a figure within tlie acceptable le\ el 
for any particular year. As soon as the 
lower level of 100 was accepted by the 
insurance companies, the frequency of 
lower readings increased, and later 
when 90 was acceptable, the incidence 
of still lower readings increased. Few 
physicians would deny an individual 
insurance on the basis of a deviation 
of about 5 mm. of mercury in a routine 
examination. This same statistical low- 
ering of levels for blood pressure 
appeared in the records of young 
men examined for dut)* in the Air 
Force'’"’’'”'’. Although no recent sta- 
tistical review of insurance records has 
been made, it is likely that the concept 
of average normal blood pressure has 
decreased considerably and that the 
generally accepted boundary of hypo- 
tension must be dropped to remain 
below the rapidly changing “limits of 
normal.” The most recent available 
survey of the blood pressures of a large 
number of people is a report in 1917 
based on the records of 43.800 men and 
31,438 women, mostly young university 
students in the United States". Of the 
men 2.36% and of the women 15.98% 
had svstolic pressures below 100. and 
11.69% of the men and 30.22% of the 
women had pressures between 100 and 
109. Previous definitions of hypotension 
as a s\’stolic pressure below 110 would 
include about onc-half of the women 
aJid one-seventh of the men of this 
series. 

The incidence cited above prev.n'Is in 
the United States and Gre.’.t Bnt.u'n. 
Init levels considered hypotensive m 
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these countries might well be “normal” 
for natives of many other geographic 
locations. No statistical data are avail- 
able on die incidence of relative hypo- 
tension. 

Mechanisms. The actual fundamental 
factors concerned with reduction in 
blood pressure are: (1) decrease in 
circulating blood volume, (2) decrease 
in peripheral resistance, (3) decrease 
in cardiac output, (4) increase in size 
of the vascular bed or (5) decrease in 
viscosity of the blood. Although each 
of tliese factors may be controlled by 
other variables, there is considerable 
interdependency among them. In any 
individual one factor may be of pri- 
mary importance. Specific initiating 
factors are numerous, as indicated 
below. One or more of the above 5 
fundamental phenomena are concerned 
with a decline in blood pressure in 
either health or disease whether or not 
the level decreases acutely or is per- 
sistently low. 

General Physiologic Factors. Some 
general factors which have been 
thought to influence the blood pres- 
sure of man affect the physiologic 
mechanism in a general manner. Their 
action is not clear but desen'es men- 
tion. 

Geographic influences, \\niereas the 
actual cartographic habitat of a per- 
son has little to do with his blood 
pressure, his way of life, diet and 
physical and emotional customs may 
have great influence. It has been showm 
that the average blood pressure of some 
peoples is much lower than that of 
others'''^ Although Eskimos ha\'e about 
the same levels of blood pressure as 
.Americans in the United States^" and 
lower blood pressures are found in 
people living in India®*, Central 
•Amcrica'^'-'’®”^, West Indies*’^'’*, 
China’®'’-’*’, along the Euphrates’*, 
or in the Atistralian desert®’, this 
cannot be attributed to climate 
according to Lemann*'’'. However, 


others*®'^*'’®*’’*’’’’*^ contend that cli- 
mate does play a part in maintaining 
lower blood pressure. 

Sociologic explanations for variations 
in blood pressure have been proposed. 
Kean®* pointed out that whereas 
Negroes in Africa have relative hypo- 
tension, Negroes in the United States, 
particularly in the South, have hyper- 
tension, Likewise, the AVest Indians in 
Panama have higher levels of blood 
pressure than native Panamanians, 
among whom there was a greater inci- 
dence of hypotension. The environ- 
mental strain inevitably imposed upon 
a “foreign” minority appears to pro- 
duce elevated blood pressure. In con- 
trast, it has been suggested that the 
completely communistic form of life 
of the Australian aboriginal®* and the 
low tone of physical, mental and nerv- 
ous activity of the Arab®* relieve them 
from the strain of civilization and spare 
their cardiovascular systems the burden 
of associated competition and result- 
ant tension. 

Environmental Temperature. Studies 
on the effect of increased environmental 
temperature upon blood pressure indi- 
cate that temperature and humidity 
associated with seasonal variations have 
little influence on blood pressure**’*®. 
E.xperiments with ultraviolet irradi- 
ation produced no change in blood 
pressure. Gottlieb®* detected no change 
with more rapid but mild elevations in 
environmental temperature. Studies of 
circulatory changes at high temper- 
atures disclosed that though diastolic 
pressure may fall, there is an early 
rise in systolic pressure with increased 
pulse rate accompanying capillar)' 
dilatation. The peripheral blood ves- 
sels continue to dilate, decreasing 
resistance with pooling and reducing 
the return of blood to the heart. Even- 
tually, despite the compensatory tachy- 
cardia, return of blood to the heart 
becomes inadequate and circulator)' 
failure or shock is complete*. 
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Heredity. Some workers have specu- 
lated that hypotension might be an 
inherited characteristic^"’-^”®. Garvin’s'*® 
report of 6 cases of hypotension in one 
family supports this idea; but without 
an understanding of the influence of 
environment, temperament, diet, and 
other factors, this observation cannot 
be accepted as proof. 

Exercise. As early as 1895®* the 
effects of exercise on blood pressure 
were studied. In 1922 Schneider**® and 
Addis* reported separate studies indi- 
cating that blood pressure increases 
with exercise, whereas Gambill'*® in 
1944 reported that exercise of an 
extremity reduced diastolic pressure 
but had little effect on systolic pres- 
sure, This he attributed to local release 
of vasodilating substances. Thacker*®® 
in 1940 discovered an increase in blood 
pressure after exercise in normal, 
hypertensive and hypotensive individ- 
uals. In the 2 abnormal groups there 
was slower response and slower return 
to normal. He concluded that vaso- 
motor response from other factors plays 
a more important role in increasing 
systolic pressure than does pulse rate 
and that the same factors which govern 
the emotional status of the individual 
are influential in the rise in systolic 
pressure accompanying exercise. Mflien 
the mechanisms which govern vaso- 
motor response fail, then postexertional 
hypotension, possibly orthostatic in 
nature, will manifest itselP®. There 
appears to be pooling of blood in an 
cxti-emit)L since manein'ers designed to 
move blood out of that part prevent 
the hypotensive reaction. 

Fatigue and Sleep. When severe 
exertion results in fatigue, a fall in 
diastolic and S'^'stolic pressures ensues®’’. 
After prolonged rest these return to the 
previous levels. Depressed physiologic 
function of the endocrinologic and 
nervous systems as well as a general- 
ized decrease in muscular tone are 
believed to be the mechanisms respon- 


sible for the decline. The latter is said 
to account for the reduction during 
sleep*®-'’’’-®"’ and h>'pnosis**. Tone has 
been defined by Dorland®® as “the con- 
dition of tension of normal muscles 
which exists independently of volun- 
tary inneiA'ation.” 

Fever and Inflammation. Blood j^rcs- 
sure may rise or fall during develop- 
ment of feveP. Often no change is 
noted during prodromal states**® but 
occasionally there is a rise during a 
chill due to vasoconstriction. Since the 
level of blood pressure is a reflection 
of the state of constriction of the blood 
vessels on one hand and of a \ arial)lc 
decrease in cardiac output on the other, 
if the latter is great, hypotension 
develops despite vasoconstriction. Dur- 
ing the flush phase of vasodilatation 
blood pressure drops. 

The strain placed upon the vaso- 
motor regulatory mechanism in pro- 
longed or repeated febrile episodes 
may account in part for the commonly 
encountered postinfectious state char- 
acterized by vasomotor or cardiomotor 
instabilit)', hypotonus and concomitant 
lowering of blood pressure®. Taylor 
and Page*®® discredit fever and leuko- 
cytosis as a cause for a diminished 
blood pressure following nonspecific 
inflammator)’ processes. They suggest 
that inflammatory reactions impair 
function of the adrenals, which in turn 
may effect a reduction in blood pres- 
sure. 

Nutrition. Dietar)' management of 
high blood pressure is now poj)ular. 
The mechanism of the rice diet has 
not vet been established, although a 
reduction in protein*® or sodium 
metaboli.sm®®-*** is thought to be an 
important factor. If Nyc®* had advo- 
cated the dietars* habits of the .Aus- 
tralian aboriginal as a means of low- 
ering blood pressures, then hyperten- 
sive .Americans would toda>‘ be gorgiu" 
themselves with game meat for several 
consecutive davs and then abstaining 
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from food for several more. He sug- 
gests that the products of protein 
metabolism may possibly be completely 
eliminated during the periods of fast- 
ing. Also there is little salt in the food 
of tliese people as well as in the fruit 
diet of the Cuna Indians of Panama®®. 
Shattuck^^'* suggested that the low 
blood pressure of the Guatamalan was 
possibly due to a deficient diet. 

That starvation diets and diets inade- 
quate in protein depress blood pres- 
sure is further supported by reports of 
obser\'ations on star\'ing Europeans 
and prisoners of war^'-"® and of plan- 
ned experiments on volunteers at the 
University of Minnesota'-^. The increas- 
ing incidence of tuberculosis and other 
diseases among the starving Europeans 
may have played a role in the decline 
in the average levels of blood pressure. 
I’sychic or emotional factors cannot be 
completely excluded in these studies. 
During the period of an.xiet)' prior to 
starvation, levels of blood pressure 
were highest; when the star%’ation 
period was in effect and hostile occu- 
pation forces were suppressing the 
peoples so that all hope was aban- 
doned, Inqrotension beeame most 
prominent. With renewal of hope and 
resumption of the problems of com- 
petitive living, the average blood pres- 
sure became elevated again. 

Other cachectic states, such as anor- 
exia nen osa or Simmond’s disease, are 
associated with hypotensive pressures 
which are not as extreme as those seen 
in Addison’s disease. It is difficult to 
separate the influence of the general- 
ized psychic depression from that of 
depression of endocrinologic .systems. 
Hegardlcss of the initiating factor, 
severe undernutrition in rats re.stills in 
a physiologic pattern resembling that 
of the hvpophvscctomized animal®®. 
The caloric depris’ation and reversible 
pituitarv depression in man is accom- 
panied by decreased adrenal cortical 
activity'-". This is also true of tlie other 


endocrine glands which are concerned 
with maintenance of fluid and electro- 
lyte balance, blood pressure, vaso- 
motor stability and muscular tone. 

The role played by vitamin defici- 
ency is unsettled but in the cardiac 
type of beriberi, the blood pressure 
may be normal or low^^®. Eats xrtth 
vitamin E deficiency have been shown 
to have blood pressures 29% lower than 
nondeficient controls^®". 

Specific Physiologic Phenomena. 
There are physiologic phenomena 
which are more specie in their role 
in the regulation of blood pressure than 
those just described. Some of the more 
important ones are presented. 

Reflex phenomena. Certain reflex 
phenomena are concerned witli regu- 
lation of arterial blood pressure. 
Although they are probably related to 
some extent to all forms of hypotension 
and all specific mechanisms, some 
aspects of their role deserve separate 
consideration. Heymans®® and Bronk'" 
discuss in detail tlie pressoreceptivc 
mechanisms which regulate cardiac 
rate, vasomotor tone, and blood pres- 
sure. Pressosensitive areas are situated 
in the carotid sinus and the venoauri- 
cular, pulmoarterial and thoracosplan- 
chnic areas. They are reflexogenic and 
react to changes in intravascular pres- 
sure so that when the pre.ssure in- 
creases, reflex vasodilatation and car- 
diac slowing occur with diminution in 
cardiac output. The reverse occurs with 
a decrease in intravascular pre.s.sure in 
these areas. In many other vascular 
areas local vasomotor reactions take 
place. The normal organism is able to 
compensate for sudden transient 
changes in blood pressure invoked by 
a disturbance in one of the funda- 
mental factors, but if the reflex pro- 
prioceptive regulators become depres- 
sed or paralyzed, then compensator)’ 
power is lost. Some of the causes may 
be acute, such as trauma to the areas, 
severe ano.xemia, including that pro- 
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cluced by hemorrhage, spinal anes- 
thesia, deep general anesthesia, admin- 
istration ot barbiturates, morphine or 
other narcotics, hypocalcemia produced 
by injection of citrate or oxalate or 
parathyroidectomy, pulmonary hyper- 
ventilation, histamine, ergotamine or 
the dioxane-like substances. With the 
regulating mechanism depressed, per- 
manent fall in pressure results from 
some initiating stimulus, and circula- 
tory collapse follows. 

More subtle depression of the regu- 
latory centers which protect against 
extreme variations of blood pressure 
may permit persistently lower or higher 
levels, depending on the nature of the 
stimulus. These physiologic phenomena 
are made more complex by the relation 
between the mechanisms regulating 
blood pressure and those adapting the 
peripheral circulation to nutritional 
needs of the tissues and organs. Ves- 
sels dilated to meet local metabolic 
demand do not undergo nervous or 
adrenic vasconstriction. 

It should be pointed out that supra- 
renal and neurovascular reflex regu- 
lators of the blood pressure may act 
independently. The zone of the carotid 
sinus, when the carotid body is 
included, is chemosensitive as well as 
pressosensitive, so that changes in 
oxygen or carbon dioxide or the pres- 
ence of one of several drugs in the 
blood can influence the centers and 
modify the blood pressure™. 

Although the arteries of the central 
nervmus system are not thought to par- 
ticipate actively in the general reflex- 
ive regulation of blood pressure, the 
cerebral blood supply is constantly 
dependent upon the general systolic 
arterial pressure, which is regulated by 
the aorta and carotid sinus’”. In cases 
of decreased svstolic ,arterial pressure, 
peripheral and splanchnic vasocon- 
striction deviate blood into the cere- 
bral circulation. 

Reflex .svmcope may follow the occur- 


rence of transient hypotension in per- 
sons with a hyperactive carotid sinus 
reflex”"'’*’'”’’-’”’-’””''”'. Three types of 
carotid sinus syndromes are described: 
(1) cardiac inhibition, (2) vasode- 
pression, in which a shaqD drop in 
blood pressure may occur without car- 
diac inhibition and, (3) the cerebral 
type, with no fall in blood pressure. 
The fall in blood pressure usually 
occurs at the time of syncope, and as a 
rule bradycardia is present. These 
jihysiologic reactions do not occur if 
the carotid area is denervated’”'. Ana- 
tomic enlargement of the carotid sinus 
has been reported in tlie hypersensi- 
tive individual”^'*”'. Syncope has been 
attributed to cerebral anoxemia pro- 
duced by asystole and fall in arterial 
blood pressure’”. 

Vasodepressive syncope is seen in 
conditions otlier than the hyperactive 
carotid syndrome. Stimulation of the 
arterial wall, not associated with pain 
and not related to psychic factors, has 
been shown to produce peripheral 
vasodilatation, tachycardia, consider- 
able fall in blood pressure and collapse 
in one-third of the individuals tested 
in this manner’*^’'’. Syncope associated 
with venipuncture and accompanied by 
reduced blood pressure is often encoun- 
tered in blood donors and has been 
attributed to psychic influences''”. In 
reporting syncope and fall in blood 
pressure accompan}'ing exertional dys- 
pnea and angina pectoris. Golden”'* 
suggested that the heart was unable to 
increase the cardiac output during 
e.xertion or to increase its output in 
response to reflexes arising from 
engorged lungs or an ischemic mvo- 

o o o 

cardium. 

It has been suggested that stimula- 
tion of the arch of the aorta might be a 
factor’” in the hypotension occurring 
during thoracic surgical operations. It 
was concluded, however, that alteratiim 
<jf blood pressure was due to mechani- 
cal impediment of blood flow to tli*- 
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heart by compression of vessels. 
Because this would also increase intra- 
vascular pressure, the presence of a 
reflexogenic puhnoarterial area was 
suggested which might be concerned 
with the hypotension. 

Local increases in pressure are 
thought to play a large part in the low- 
ering of systemic pressure in pulmonary 
arterial occlusion®^. The exUeme con- 
striction of the entire pulmonaiy' vascu- 
lar bed, wliich impairs the pulmonary 
flow of blood, diminishes the output of 
the left ventricle, producing a decline 
in arterial blood pressure. A&opine and 
papaverine have been said to relieve 
tliis vasoconstriction dramatically and 
to permit restoration of the cardiac out- 
put^’^. 

Penetrating wounds of the chest®® 
may reduce the blood pressure by 
afferent impulses arising in the pleura 
which produce arteriolar dilatation. 

Postural maladaptation. The relation- 
ship of posture to blood pressure was 
studied as early as 1895®*, but it was 
not until 1925, when Bradbmy and 
Eggleston*® reported their cases of pos- 
tural hypotension, tliat it was regarded 
as a disease entit}'. The physiologic 
adaptations concerned with adoption 
of the erect posture and relation to 
gravity has since received much study. 
Factors operating to maintain blood 
pressure in tlie erect posture are dis- 
cussed in recent re\uews®-'*-®; tliey are 
essentially (1) peripheral vasoconstric- 
tions, (2) acceleration of the cardiac 
rate, and (3) greater tonus of skeletal 
musculature. The compensatory mecha- 
nisms are not simple and not agreed 
upon generally. 

There has been lack of agreement as 
to the mechanism for the reduction in 
pressure. Ellis and Haynes®' suggested 
that it was due to greater than norma! 
pooling of blood in the lower extremity. 
.MacLean, .-Mien and Magath'®, by' use 
of the Flack test, asserted that failure 
of adequate return of venous blood to 


the heart is an essential factor in the 
syndrome of orthostatic hypotension. 
This test consists in increasing intra- 
thoracic pressure of the subject by 
forced exhalation against a column of 
mercury and measuring the length of 
time the pressure can be maintained. 
Experiments employing tourniquets 
and tilting in normal subjects and in 
persons with postural maladaptation 
indicated that there was no more pool- 
ing in the lower part of the body in a 
maladapted individual on standing 
tlian in a normal individual but that 
the reflex vasoconstriction which main- 
tained the pressure in a normal indi- 
vidual did not occur in these patients. 
This lack of adequate reflex vasocon- 
striction in the face' of a decline in 
pressure is a fundamental disturbance 
in postural hypotension and suggests 
that it is a disorder of the sympa- 
thetic nervous system*-^. Absence of 
sweating, loss of libido, and other 
clinical manifestations of tlie syndrome 
tend to support this concept. These 
findings are not necessarily incompat- 
ible witli the concept of reduced ve- 
nous return, sinee the defective vaso- 
constriction probably gives rise to 
diminished venous return®^. 

From a study employing tagged ery- 
throcy'tes Nylin®® concluded that cir- 
culation is abnormally slow in the erect 
posture in postural maladaptation. This 
was indicated by the fact that even 
distribution of the tagged cells required 
more time in patients with postural 
hypotension than in normal subjects. 
Kvale*' also showed that there was a 
larger increase in the arm-to-tonguc 
circulation or arm-to-foot time in sub- 
jects with ortliostatic hypotension fol- 
lowing sympathectomy. 

There are differences of opinion con- 
cerning the cardiac rate in postural hy'- 
potension. Some observers''’-'®'®' 
have reported no change, whereas 
another®® found an increase in the rate. 
Obviously, therefore, there may' or may 
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not be a change in cardiac rate depend- 
ing upon the activity of the cardio- 
accelerator reflex mechanism^’'’. Func- 
tional disorders with associated pos- 
tural hypotension in particular are apt 
to be accompanied by “orthostatic 
tachycardia”®^'^®’®®'®^. The electrocardi- 
ogram has not been found to be abnor- 
maP°'®2, 

Although the clinical conditions witli 
associated postural maladaptation may 
be numerous, investigators agree that 
lesions of the sympatlietic nervous sys- 
tem^'’’®^-^22,i44^ probably in tlie region 
of the hypothalamus^^'®^, are most often 
the initiating cause. This obviously 
does not include cases associated with 
local lesions of the sympathetic nerv- 
ous system or patients who have had 
sympathectomies”®*'’®'®'’’^®®. In die lat- 
ter hypotension is usually relative and 
not absolute. 

Biochemical influences. Anderson 
and his associates® induced fainting 
and lowering of blood pressure by 
administration of 7 to 8% oxygen, which 
produced active vasodilatation in die 
skeletal muscle and a decrease in car- 
diac rate. On die other hand, hyper- 
ventilation with excessive loss of car- 
bon dioxide will cause lowering of the 
blood pressure in animals^”^. This is 
true for man as well®^*^^®. It has 
recently been demonstrated that admin- 
istration of carbon dioxide will prevent 
the “blackout” associated with cen- 
trifugal forces. This action is presum- 
ably dirougli increased activit)’ of the 
carodd sinus and resultant increase in 
muscular tone and decrease in the 
quantity of venous pooling^®-. 

Tlie exact role of electrolytes in 
maintenance of blood pressure remains 
unknomi. It is probably related to the 
cndocrinologic system. Tliere is de- 
creased concentration of blood chlo- 
rides caused by the increase in urinarx' 
excretion in pulmonari* disease, for 
example, pneumonia, tuberculosis and 
carcinoma of the lung''’*', -\drcnal 


dysfunction may be present in tliese 
diseases, though no consistent abnor- 
mal patliologic finding has been 
described. The sodium content of the 
serum does not var)' as greatly as the 
chlorides, tlie differences being ac- 
counted for by compensatory changes 
in bicarbonate. Low sodium and chlo- 
ride content of serum observed as a 
result of the treatment of congestive 
heart failure and chronic renal disease 
witli depletion of salt"’'® are frequently 
accompanied by shock-like states®'. 

Psychic factors. Influence of the 
psyche on the cardiovascular S)'stem is 
difficult to evaluate and is for the most 
part still a matter of impression. 
Engle®® and Romano^®* attempted to 
differentiate behveen vasodepressor 
and hysterical fainting by use of the 
electroencephalograph. Kremer'®, who 
stimulated the cortex by acetyl-bela- 
methylcholine or faradic current, was 
able to localize areas which would 
produce lowering of blood pressure in 
dogs. The relationship of organic les- 
ions of the nervous system to regulation 
of blood pressure has been indicated. 

Most observers agree that functional 
disorders are related to the develop- 
ment of hypotension. The strenuous 
daily acti\*ities of civilization serve as 
stimuli which tend to maintain an 
increased “tone” of the physiologic 
systems. M'hen people lack these stim- 
uli or become psychically disturbed so 
that tlie pressure of the physiologic 
systems fails to be properly influenced 
by the conscious and subconscious 
levels, the blood pressure declines 
below the average for the “civilized" 
world or for the psychically normal 
person but it is not necessarily below 
normal. In severe depressive states tlie 
“tone” of the system is decreased and 
‘hypotension" becomes manifest. 

Drugs. Tlie vasodilating effect of the 
nitrite group of drugs, with .subsequent 
lowering of the blood pressure, is well 
kno\m. the nicchani.sm de.aling pri- 
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marily with peripheral vascular dila- 
tation'^*’^'*®. Similar effects noted with 
acetylcholine and nitroglycerin are not 
completely inhibited by adrenal de- 
medullation or cardiac denervation®®. 

Hypotension has been said to be pro- 
duced by histamine or histamine-like 
substances, an idea particularly preva- 
lent today because of increased interest 
in antihistamine drugs^'*-^®. Camosine, 
related to histidine and of unknown 
metabolic significance, present in mam- 
malian muscle, has been showm to have 
severe depressive action on the blood 
pressure'®®. 

Many agents used in therapy Avill 
induce a transient decrease in blood 
pressure. Some, such as plasmochin, act 
upon the central nervous system to 
depress sympathetic activity and pro- 
duce hypotension®®. Pentaquine (SN- 
13276), another antimalarial dnig, wll 
produce postural hypotension which 
may last for months®®. Page®' reported 
a case of poisoning with arsenic tri- 
o.vide in which there was a mean pres- 
sure of 30 mm. of mercur)' with no ill 
effects. Otlier drugs which have been 
reported to reduce the blood pressure 
are cinchoplien, bismuth subnitrate, 
and intra\eiious quinidine'®. Connell®' 
showed that there was no relation 
between blood pressure and the levels 
of tliiocyanate naturally occurring in 
the blood. 

Interrelationship of all physiologic 
factors. In summarizing factors related 
to internal and c.vtemal environment 
u Inch alter or maintain blood pressure, 
we must remember that social sur- 
roundings of an individual influence 
his emotional state, that his reactions 
will depend upon early training and 
possiblv on heredity, that starvation 
cannot he considered separate from 
depression of the psyche or of the 
endocrinologic systems, that diet and 
clectrolvtic metabolism and their rela- 
tion to endocrinologic or riersous func- 
tions influencing the cardiovascular 


systems are inseparable. We may say, 
therefore, that inanition, whether due 
to starvation or to illness, probably 
exerts a depressing influence on bodily 
“tonus,” endocrinologic function, and 
reactivity of reflexogenic centers; psy- 
chic disturbances manifest themselves 
by depressing general bodily reactions 
and tone or by stimulating or depres- 
sing certain reflex centers; deprivation 
of electrolytes (sodium and chloride) 
perhaps has its influence on blood 
volume or on the adrenal cortical regu- 
lators; and special cardiovascular gov- 
ernors manifest themselves in loss of 
constrictor power, cardiac inhibition, or 
failure of cardiac compensatory^ mech- 
anism. We may also conclude that 
there is an undetermined interrelation 
among these factors which ultimately 
display failure of one or more of the 
physical mechanisms for maintaining 
blood pressure, namely: (1) blood 
volume, (2) peripheral resistance, (3) 
cardiac output, (4) size of the vascular 
bed and (5) viscosity of the blood. 

Influence of hypotension on cer- 
tain organic systems. When tlie mecha- 
nisms which tend to maintain adequate 
flow of blood to the brain are fatigued 
or dysfunctioning or when there is 
sudden fall in blood pressure, anoxia 
of the higher centers ensues. Though 
tlie effects of hypotension on mental 
and physical efficiency have not been 
established by objective methods, 
impairment of cerebral function was 
suggested in a study of fatal air 
crashes, considered to be the result of 
errors of the pilots. Seven ty'-three " of 
these pilots e.xhibifed some form of 
hypotension"®. 

In spite of coronary vasodilatation 
with decreased resistance, hy'potension 
is associated with decreased coronary 
flow®'. Circulatory’ collapse, often asso- 
ciated with severe liy’potension, may 
persist despite return of coronary’ flow 
to normal. Eckenhoff®® reported tliat he 
observed in dogs a decline in blood 
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pressure aeeompanied by decreased 
cardiac eflRciency although there was 
no evidence that the heart was less able 
to accomplish the work demanded of 
it. Left ventricular work was reduced 
56% and cardiac output 42%, with 29% 
decrease in coronary flow. These exper- 
iments failed to reveal that certain 
types of hypotension are harmful to 
the heart. 

With a decrease in cardiac output or 
fall in arterial pressure, the rate of 
renal plasma flow is lessened; but the 
exact mechanism for the decline is still 
unsettled. Investigators believe that the 
flow through the kidney is diminished 
because of the decrease in pressure 
head and the other ph)'siologic phe- 
nomena associated with some of the 
hypotensive states, for example, in- 
crease in viscosity of tlie blood, pooling 
of blood in the venous system, libera- 
tion of humoral vasoconstricting sub- 
stances which produce afferent arteri- 
olar constriction of the glomerular 
tufts-''’’-'*. When there is extreme dim- 
inution of blood flow to the kidney ac- 
companying severe hypotension, urin- 
ary output ceases. In subjects with 
postural h)^50tension decreased urinaiy' 
flow during the day is followed by com- 
pensator)' nocturia. 

Pepper”*’ is of the opinion that the 
onset of hypotension, absolute or rel- 
ati\'e, predisposes to formation of arter- 
ial thrombi, particularly in people with 
arteriosclerotic disease and roughened 
arteries which impair blood flow. Tlie 
increase in \'iscosit)' of the blood asso- 
ciated with the hemoconcentration 
often encountered in hypotensive con- 
ditions**' also predisposes to impair- 
ment of flow and formation of thrombi. 

General health is not unfavorably 
alfeclcd by hypotension”””'’’’"--**’”; in 
fact life expectancy has been found 
greater in the presence of low blood 
j'lrcssurc'*'’’*’”. Hypotension seems to pre- 
serve rather than injure the physiologic 
system. After tlie age of 50. things be- 


ing otherwise equal, hypotension mav 
be interpreted as a sign of an efficient 
and healthy cardio\-ascular renal sv.s- 
tem”’'*. 

Clinical Picture. The clinical pic- 
ture associated with hypotension varies 
with the rapidity and degree of reduc- 
tion in blood pressure. A sudden fall, 
regardless of previous levels, is mani- 
fested by s)Tnptoms of giddiness, faint- 
ness, and loss of consciousness, all of 
which may be attributable to cerebral 
anoxia. 

However, if chronic, sustained hypo- 
tension is associated with .symptoms, 
the clinical picture is different. It 
.should then be understood that hypo- 
tension itself is but one manifcstalioii 
of the primary disorder which is re- 
sponsible for the multihide of associ- 
ated symptoms, such as generalized 
weakness, fatigue, dizziness, fainting, 
gastro-intestinal complaints. Iielching. 
flatulence, palpitation, insomnia, numb- 
ne.ss in the extremities and manv others. 
It is apparent that such nonspecific 
symptoms will be ’encountered in li\’- 
pertensive and normotensive subjects 
as well. Anhidrosis, impotence, and 
nocturia are addih’onal manifestations 
of postural hypotension. 

As is true of symptoms, observations 
made on physical examination and lab- 
orator)' data are dependent upon the 
primar)' disorder. In as)-mptomatic 
c.ssential hypotension there will prob- 
ably be no constant associated signs. 
These individuals are likely to be well 
adjusted and well developed and to 
have no abnonnal pln’sical findings. A 
particular physical type has come to 
be associated with hypotension occur- 
ring simultaneou.sh' with other svrnp- 
toms. .Mthough obesih’. not to be 
confused with hypersthenia*”. mav be 
accompanied by low blood jiressure. 
the h)-potensive individuals fall into the 
linearlv built, underweight class abo’.it 
twice as often as in the laterallv built, 
overweight group"'’ *"*. Tlic habitus and 
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accompanying signs should not con- 
demn a patient categorically as a con- 
stitutionally inadequate individual. 

The body temperature of many pa- 
tients of both the asthenic group®® and 
the essential hypotensive class is lower 
tlian that of other individuals. In hypo- 
tension the pulse is variable. Of diag- 
nostic value is the finding that in 
postural hypotension \wth absence of 
sweating the skin is dry, whereas in 
tlie neurasthenic patient it is moist. 
Hypotensive individuals frequently 
have narrow nostrils and nasal obstruc- 
tion, decreased thoracic capacity, and 
often signs of asthma®'^®. Manifestations 
of enteroptosis are usually found even 
in the presence of obesity. 

Frequently associated with postural 
and essential hypotension are anemia, 
low basal metabolic rate, reduced gas- 
tric acidity'^®, low blood sugar®, low 
blood chloride*®'’'*^ and blood urea 
nitrogen at the upper limit of normal 
or slightly elevated®®. Roentgenographic 
e.vamination of the asthenic hypotensive 
subject reveals the ’arch of the aorta to 
be small, the heart to be vertically 
placed and together with the great 
^'cssel.s to appear elongated'® '®. There 
are no significant electrocardiographic 
abnormalities. 

Clinical Conditions Associated With 
Hvpotcnsion. The conditions pro- 
voking or associated with hypotensive 
levels of blood pressure are legion. 
Some of these uill be listed and a few 
of the most important will be discussed. 
For the sake of organization, a modifi- 
cation of Sticglitz’s'®' clinical cla.ssifica- 
lion will be used. 

Acute fall in blood pressure occurs 
in sliock. medical or surgical; food pois- 
oninc; fright; during or after admin- 
istration of anesthetics, vasodilating 
dnigs or poisons; anaphylactic reac- 
tions" and pulmonar)’ embolism®'-'’". 

Stthaentr htjpnlensinn is associated 
chieflv with infectious diseases, Tv- 
piioid. scarlet fever, typims, influenza. 


malaria, trichinosis, pneumonia, and 
cholera®’'®’'*^’''®'®® all produce hypoten- 
sion as a result of dehydration, fever, 
electrolytic imbalance, lowering of bod- 
ily tonus and some degree of myo- 
cardial weakness. In pneumonia early 
severe fall in blood pressure is of seri- 
ous prognostic significance, comparable 
to absence of leukocytosis in this dis- 
ease'®. There may be prolonged hypo- 
tension following convalescence. Renal 
disease'®® in some stages, when accom- 
panied by loss of electrolytes, diabetic 
acidosis, or peptic ulcer®®, may also 
provoke lowering of blood pressure. 
The initial fall seen after myocardial 
infarction has been ascribed to pe- 
ripheral circulatory collapse of refle.x 
origin and to forward failure conse- 
quent to left ventricular infarction®'. 
Persistent low pressures for 3 to 5 days 
indicate a poor prognosis. Most surviv- 
ing patients with previous hypertension 
have a return of blood pressure to hy- 
pertensive levels after one year'"’®'’®”- 
Chronic hypotension, besides being 
an integral part of the hypotonic, hypo- 
reactive state®^, is associated with the 
chronic endocrinopathies, anemia, and 
chronic infectious diseases. It is one of 
the diagnostic criteria for Addisons 
disease®®''®® and is a common accom- 
paniment of Simmond’s disease and 
hypothyroidism"'®®. Hypopiesia may 
exist with certain constitutional states 
involving a decrease in muscular or 
vascular tone, such as myasthenia 
gravis, status lymphaticus'®'®® and 
myotonia atrophica®®. The .systolic 
pressure may be as low as 60 to 80 mm. 
of mercury in pernicious anemia'"'"’®’’- 
Chronic focal infections and tox- 
emias are frequently accompanied by 
hypotension'"'"'''’’®®. Decrease in the 
tone of the skeletal, smooth and myo- 
cardial muscles and toxic depression of 
the endocrine glands and of the sympa- 
thetic control of the vascular tone are 
suggested mechanisms. Tlie possible in- 
fltH-nces of toxic products, s\ich as sub- 
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stances like histamine'*'*'”” or camo- 
sine*"'*”, must be considered. 

Association of hypotension with 
tuberculosis has been reported since the 
early days of the mercury manometer. 
In 1911, Emerson”” presented a com- 
prehensive review of this subject, 
stressing the diagnostic and prognostic 
value of hypotension in tuberculosis. 
His experimental work indicated a pos- 
sible toxic mechanism acting on nearly 
all the organic systems, particularly the 
vasomotor regulating centers. Subse- 
quently, no comprehensive study which 
definitely indicates that the incidence 
of hypotension is higher in patients 
with tuberculosis than in the general 
population was found in the literature 
of the English-speaking countries. 
Nearly all discussions of hypotension 
include tuberculosis as one of the im- 
portant causes^”’'*^’'*'*''*”'””””’^””, however, 
and associate it with activity of the 
disease*'*-. Tuberculosis of the adrenal 
glands is thought by many to be tlie 
cause of the hypotension, but tlie latter 
is sometimes present even in the ab- 
sence of the former. Loss of tone, 
psychic depression, and chloride im- 
balance undoubtedly play some part 
Much emphasis has been placed upon 
the inter-relation between hypotension 
and tuberculosis, but this has not been 
substantiated by facts. 

From the list of clinical conditions 
associated with postural hypotension^-^, 
it is obvious that this is not itself a 
clinical entit)'^ but is merel)'' a manifes- 
tation of the disturbance in reflex con- 
trol of the cardiovascular system. Dis- 
eases of the ner\^ous system w'hich have 
been reported to effect this disturbance 
are: combined sclerosis of pernicious 
anemia, disseminated sclerosis^”, syring- 
omyelia, arteriosclerotic degeneration 
disseminated throughout the nervous 
system”*, multiple encephalomalacias". 
Parkinsonism””'*'**, Meniere's syn- 
drome””, influenzal encephalitis"”, tabes 
dorsalis””, dementia paralytica*”, swn- 


pathetic ganglionectomv in treatment 
of hypertension'"’”'””'*”''’, diabetic neuro- 
pathy*”", diabetic neuritis”” and psychic 
disturbances. Endocrinopathies which 
may be associated with tin's disturb- 
ance are thought to produce changes 
in the cells of the hypothalamus’*, 
hypoinsulinism, hypopituitarism””, dia- 
betes insipidus, e.xophthalmic goiter”” 
and Addison’s disease**. Postural mal- 
adaptation is also observed in myas- 
thenia gravis”*, peptic ulcer*””, sprue”” 
and in a high percentage of dermato- 
logic patients*”-'*. 

Management. Since hypotetjsion is 
not a disease entity, it should not be 
managed as such. Essential asympto- 
matic hypotension discovered on rou- 
tine examination warrants in\'estigation 
to determine whether it is a manifesta- 
tion of some underlying disease, but 
once this has been excluded, it should 
be accepted as the ideal blood pressure 
in a healthy individual. In hypotension 
accompanied by symptoms, a primar)’ 
cause should be sought. The psychic 
make-up of those hypopietic individ- 
uals who present symptoms with no 
demonstrable organic pathologic ab- 
normalities should be carefully studied. 
Unless the underlying problem is a 
severe neurosis or psychosis, the patient 
need not be relegated to the care of 
the p.sychiatrist but can be managed 
by the internist or family physician 
familiar with the problem in\'olvcd’”. 
The low blood pressure encountered in 
the asthenic states will probably rise as 
the patient's general condition im- 
proN'es””, and usuall}* the less sai<l 
about the blood pressure the belter, 
as the patient may consider the alleged 
delation from normal as a gra\c indi- 
cation. It is a mistake for the physician 
to offer these individuals an excuse for 
pcrpetuatitig their s\anptoms and ac- 
centuating their asthenic stale: reassur- 
ance and sound psychotherapy are tiie 
most rewarding therapeutic procedures 
for alleviation of .symptoms. 
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Constant supervision with attention 
to adequate nutrition, especially in 
those cases associated %vith anorexia 
nervosa and other cachetic states^-^, 
exercise and improvement of existing 
enteroptoses by abdominal binders and 
other methods'®® are beneficial. Drugs, 
such as benzedrine, epinephrin, ephe- 
drine, paradrine, pitressin, ergot or 
other tonic drugs, are usually of little 
permanent value but occasionally ofiFer 
temporary symptomatic relief, espe- 
cially if they restore die subject’s en- 
ergy and confidence. Thyroid and 
commercial extracts of adrenal glands 
are probably of no assistance”^-. 

The hypotension associated with 
various disease states may he ap- 
proached by attempts to correct the 
altered physiologic conditions. In cases 
of diminished levels of sodium or 
chloride in the blood, administration of 
sodium chloride along with desoxycor- 
ticosterone may be warranted''®-'®®’"'. 
\^Tien hypoglycemia is encountered, 
glucose is indicated®. Necessity for 
treatment of anemic states is obvious, 
as is that of toxemias of infectious dis- 
eases by specific therapy. 

Treatment of postural hypotension 
presents a special problem. SlacLean'® 
recommends having the patient sleep 
in a head-up position in an attempt to 
allow physiologic readaptation to the 
erect posture. Abdominal binders or 
leg binders®'’, various pressor 
dnigs'®-®® ®’’, aioidance of exercise on 
warm days, and use of added salt and 
dcsovycorticostcronc®® have all been 
sttggested. 


It cannot be overemphasized that 
management of hypotension should not 
be directed primarily at the blood 
pressure but rather at correcting the 
underlying cause, whether it be organic 
or functional. Elevation of the blood 
pressure without psychic stimulation 
has proved ineffective in tlie relief of 
symptoms®®. Asymptomatic essential 
hypotension requires no treatment and 
should be regarded as the ideal 
pressure. 

Summary and Conclusions. The lit- 
erature concerned with hypotension 
has been reviewed and some of the 
important physiologic mechanisms re- 
sponsible for its presence have been 
presented. An effort was made to cor- 
relate clinical findings with physiologic 
changes producing the symptoms and 
signs frequently associated with hypo- 
tensive states. 

Though the terms “hypotonic” and 
“asthenic” have been freely used, it 
should be reiterated that any factor, 
psychic, physical, chemical, physiologic 
or pathologic, manifests its effect on 
the blood pressure only by its alteration 
of blood volume, peripheral resistance, 
cardiac output, size of the vascular bed 
or viscosit)' of the blood. 

The fundamental clinical point to be 
gained by such a discussion is one 
which has previously been stressed 
many times; that hypotension is not a 
disease but rather is sometimes the 
manifestation of an altered physiologic 
state and sometimes the ideal level of 
blood pressure, suggesting freedom 
from cardiorenal disease and a promise 
of increased longevity. 
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A conservative estimate* is that one- 
tliird of all patients who seek medical 
advice are victims of some disturbance 
of sleep. Although the majority of these 
patients suffer from insomnia, a sizable 
percentage complain of excessive 
drowsiness or sleepiness. This paper is 
concerned with a well-defined part of 
tlie latter category, narcolepsy, which 
compensates for its relative infrequency 
by its habit of invading and pervading 
most of the medical specialties with its 
bizarre symptomatology. The term 
“Narcolepsy” (Gr. narke, sleep, and 
lepsis, a seizure was proposed by 
Gelineau in 1880 for what he consid- 
ered “a rare neurosis characterized b}' 
an urgent need to sleep, sudden and 
of short duration, recurring at more or 
less close intervals”*'^'^. While tlms nam- 
ing the so-called "neurose rare” descrip- 
tively for the irresistible attacks of 
diurnal sleep, he also included in the 
clinical syndrome attacks of complete 
muscular tonelessness, either type of 
episode occurring spontaneously or pre- 
cipitated hv profound emotion. Emo- 
tionally induced loss of muscle tonus 
was named “cataplexy” (Gr. kata, 
down, and plcssein, to strike )■“’ in 
IGOE'’®-’®. Since Gelineau’s memorable 


paper “De la Narcolepsie”"^^ was pub- 
lished, several hundred cases similar in 
symptomatology to tliose wliich he pre- 
' seated have appeared in the literature. 
Many excellent general reviews of the 
subject have been 

Most authorities on the subject now 
look on narcolepsy as a symptom-com- 
plex rather than a distinctixe di.sease 
entity^h Some reserve the diagnosis of 
narcolepsy for cases showing bolli tlu' 
sudden attacks of diunial sleep and 
cataplexy. This is the true or classical 
“Gelineau Syndrome”. Others feel that 
in the present state of our knowledge, 
lines of differentiation should not be 
drawai too sharply’*''-’'. As a result, 
cases of narcolepsy reported in the lit- 
erature may be “with or without 
cataple.xy”, depending on the interpre- 
tation of the indixidual writer. 

The symptom-complex of narcolepsy 
may consist of all or only a few of tlie 
following symptoms**-’*’: J.) Attacks oj 
dixirml sleep. This symptom is tlie sin- 
gle “sine qua non” for the diagnosis of 
narcolepsy, and is usually, but not iiec- 
cssarilv. the most troublesome manifes- 
tation to the patient. CiiaraclerisUcnllv 
the attacks of sleep are abnipl in onset 
but may be preceded by a short period 
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of drowsiness which barely allows the 
patient time to retire to a safe or com- 
fortable place for the oncoming attack. 
Patients so afQicted have fallen asleep 
while driving an automobile, while 
walking, talking, sitting at the dinner 
table, reading and so on. The situation 
in which the patient falls asleep is often 
one that is conducive to sleep in the 
normal individual. The actual sleep is 
clinically indistinguishable from normal 
sleep and can be terminated in the 
same manner with equal ease. A previ- 
ous good night’s rest or prolonged suf- 
ficiency of nocturnal sleep has no effect 
whatsoever on the urgency, frequency 
or length of subsequent sleep attacks. 
These episodes may occur from once 
or twice a week to as many as 200 
daily. They last from a minute or two 
to an hour or so and leave the patient 
feeling keen and alert on awakening.. 
2.) Cataplexy-^. Cataple-xy usually con- 
sits of a sudden complete loss of tone 
of all the voluntary muscles of the 
body, beginning wth the muscles of 
mastication. An overwhelming major- 
ity of these attacks are precipitated 
solely by jokes or humorous situations 
which evoke maximum sudden une.x- 
pccted laughter in the patient. Ilis jaw 
drops, llis knees can no longer support 
his body, and, in a few seconds, he is 
like a mass of jelly lying on Uie ground, 
conscious but unable to talk or move. 
Within a minute or two he regains full 
use of his muscles and is normal in 
ever\' respect. Less commonly calaplec- 
tic attacks may abruptly follow the 
emotional stress incidental to anger, 
fear, e.vciternenl, surprise, or weeping, 
or rarely may occur spontaneously, 
apparently unassociated with any spe- 
cific emotion. Cataplexy usually has its 
f)nvet at the same time as, or a few 
months later than, the sleep attacks. 
Cataplexy is vcr\- rarely a solitary* 
svmptom. S.i atrep Tin’s 

sxmpfom consists of a brief period of 
complete inability to move or talk 


immediately preceding or following 
diurnal or nocturnal sleep. Conscious- 
ness is usually distressingly clear and 
the patient suffers acutely from fear of 
impending death or other disaster. Tlie 
attack lasts from a minute or txvo to an 
hour or so and can usually be termin- 
ated at once by the simple touch of 
another individual. Sleep paralysis is 
a much less frequent concomitant of 
the narcoleptic symiptom-complex than 
cataplexy, and occurred in only 8!S of 
one series of 200 cases of narcolepsy®. 
Terrifying dreams often seem to precip- 
itate those attacks of sleep paralysis 
which begin in the middle of die night 
or immediately after awakening in the 
morning. 4.) Disturbed nocturnal sleep. 
The nocturnal sleep of about 80% of 
narcoleptics is disturbed by insomnia, 
terrifying dreams, somnambulism, or 
somniloquism. 5.) Hypnagogic hallucin- 
ations. These consist of vivid stereo- 
ty’ped frightening dreams which are 
experienced in the half-awake state. 
They sometimes occur just prior to or 
during an attack of sleep paralysis and 
are rarely an isolated symptom. Hypna- 
gogic hallucinations may persist for a 
short period into the partially or fully 
awake state and result in severe 
anguish and anxiety. 6.) Paranoid psy- 
chotic stafe^'^^-''’^. Rarely, a chronic hal- 
lucinatory paranoid state seems to 
develop on the basis of the dream 
e.xperience. 7.) Gain in tecighP-’. In one 
large series of cases'® almost half of the 
patients gave a history of a dispropor- 
tionate gain in weight after the onset 
of narcolepsy. Tin’s tendency was more 
marked among women^L 8.) Transient 
diplopia or transient ptosis^^. Although 
this symptom is not peculiar to narco- 
leptic patients it is occasionally seen 
prior to the sleep attacks or even inde- 
pendently of them. 9.) Impairment or 
absence of libido. Tliis is found in 10 
to 1.5" of the cases. 10.) Headaches. 
When prcsent.headachcs tend to appear 
immediately before attacks of sleep, 
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particularly if the latter are resisted, 
and are often completely relieved if 
tlie patient is allowed to sleep and 
awaken without interference. 

Narcolepsy may be classified etiolog- 
ically into the following groups: 1, 
Idiopathic Narcolepsy. Over one half 
of all cases of narcolepsy fall into this 
category and hence yield no evidence 
of organic disease. 2, Symptomatic 
Narcolepsy. This type follows tumors, 
inflammations and degenerative condi- 
tions involving tlie hypothalamus^®’*^’. 
Sleep attacks alone, or in combination 
with cataplexy, are especially common 
after encephalitis®®. Other diseases and 
conditions which are sometimes associ- 
ated with the symptom-complex are: 
central nervous system syphilis®*, head 
trauma®®’®®, cerebral arteriosclerosis, 
polycythemia vera*^, diabetes, hyperin- 
sulinism, acromegaly and multiple 
sclerosis. 3, Cases associated with 
endocrine dyscrasias. This is a presump- 
tive explanation used in cases associ- 
ated with obesity, alterations in 
metabolism and other symptoms sug- 
gestive of endocrine abnormalities. 4, 
Cases complicating convidsive (epi- 
leptic) attacks. 5, Cases apparently of 
psychogenic origin. This categor)' 
includes those associated with hys- 
teria’''*, and other neuroses, as well as 
the major ps\'choses^®. 

There is abundant clinical* as 
well as experimental evidence®® that 
lesions of the hypothalamic nuclei and 
surrounding regions may cause hyper- 
somnia and, or. narcolepsy®®-®®’®®’^®. 
Some authors have even postulated a 
“sleep” or “waking” center in this area®®. 
The fact that man is able to fall asleep 
in a conscious or unconscious attempt 
to escape certain emotional difficulties, 
or to remain awake during cmer- 
genev situations and periods of emo- 
tional stress, suggests that the higher 
cortical centers also play an important 
role in the regulation of .sleep. The 
hx-pothalamus is in intimate connection, 


by means of its pathways, uith the 
cortex, thalamus, basal ganglia, and 
brain stem. Disturbances of sleep seem 
to result when the integration of this 
complicated mechanism is disrupted by 
destructive or irritative lesions or bv 
emotional factors®®. Hence, sleep is a 
function of the whole person'-’®''-®. Much 
scientific research has been done in an 
effort to determine if definite emotional 
constellations precipitate or aggravate 
tlie neurophysiological disturbances 
responsible for the manifestations of 
narcolepsy®®'®®''^®’®^’®®. Ever}’ emotional 
situation is invariably as.sociated with 
some physiological response such as 
sweating, palpitation, shortness of 
breatli, pallor, blushing, blood pressure 
changes, erection of hair, sphinctcric 
disturbances, laughing, weeping, sleep- 
lessness or somnolence. Until recently 
medicine has paid little attention to the 
investigation of these processes as the}- 
were considered a part of normal life, 
common to eveiy'one, and hence with- 
out ill effect. However, it is common 
knowledge now that persistent emo- 
tional disturbances may result in 
chronic bodily changes such as hyper- 
tension, peptic ulcer, asthma, mucous 
colitis and so on®®-. These ph}-sical 
responses apparently are mediated and 
controlled by the hypothalamus ( a \’cg- 
etatiye center) as well as by the cortex 
and possiblv other subcortical stnic- 
tures^®. The symptom-complex of nar- 
colepsy has. in varioiis patients, been 
found to be associated with repressed 
conflicts involving hoslilih’®®. guilt feel- 
ings, dependency needs, or various dis- 
turbed relationships between the 
patient and his environment*®. Tlie 
symptoms often appear to be neurotic 
defenses against anxiety, with symbolic 
significance^®. 

Manv conditions must be considered 
in the differential diagnosis of idio- 
pathic narcolepsy. First and foremost 
among them is idiopathic cpilepsv. 
Gelincau expressed the opinion th.at 
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epilepsy and narcolepsy are unrelated. 
He said, “Peut-on voir la de I’epilepsie? 
Je ne le pense pas”^”. That is still the 
N'iew of most writers on the subject®-. 
However, in most textbooks one finds 
narcolepsy discussed among the “con- 
vulsive disorders”, “disorders of sleep”, 
or perhaps even among “the epilepsies”, 
primarily because of the difficulty in 
classifying this symptom-complex. The 
following are some of the similarities 
between narcolepsy and epilepsy; 1.) 
P.sychoanalytic research indicates that 
in botli conditions the symptoms 
inhibit, deflect, and prevent awareness 
and action which threatens to disrupt 
consciously accepted patterns of behav- 
ior''*. This is best exemplified in cata- 
plexy. 2.) A small percentage of 
patients are both epileptic and narco- 
leptic’* 3.) An occasional case of 
narcolepsy has a positive epileptic 
heredity*''. 4.) Both are characterized 
by periodically recurring attacks which 
begin abruptly and are of “relatively 
short duration”'*'. Tlie following are the 
even more striking differences between 
narcolepsy and epilepsy: 1.) Most of 
the authoritative evidence indicates 
that there is nothing in the character 
of the electrical discharges from the 
brain of the narcoleptic patient which 
would link them with the abnormal 
electrical discharges from the brain of 
the epileptic patient’-'”’*'- '*'*. Most 
.luthonlics agree tliat "the sleep records 
of narcoleptics are like those of normals 
except that the decline to a deep lex el 
of sleep is more rapid''’-’’-'''*-'. 'Die 
electroencephalogram is usually normal 
in idiopathic narcolepsy during "the 
.luake period"''. Symptomatic narco- 
lepsy IS much more likely to show other 
elecirnencephalographic abnormalities 
2 ) Mental deterioration is a fre- 
(jiient sequel to epilepsy character- 
i/e<l bv frequent sei/iires, and the 
seizures xary markedly in frcqucncx' 
tlirouchout the life of the patient'’'’'”. 
Patients ssith idiopathic narcolcpsx', on 


the other hand, suffer from no intel- 
lectual impairment, regardless of the 
frequency of their attacks; and, in un- 
treated cases, the number and severity 
of the attacks are much less subject to 
amelioration or exacerbation’**. 3. ) Nar- 
coleptic attacks are not accompanied 
by convulsive movements, biting of the 
tongue or cheeks, or loss of bladder or 
boxvel control. After a sleep or cata- 
plectic attack the patient is usually 
alert-'**’. In cataplexy there is usually 
conscious awareness of environmental 
sounds and events in spite of the rel- 
ative or absolute muscular immobility 
and inability to speak. The fact that 
cataplexy is emotionally precipitated is 
usually obvious to the most untrained 
obserx'ers and acquaintances of the 
patient. 4.) The commonly used anti- 
convulsant drugs’- are completely inef- 
fective in relieving narcoleptic attacks. 
5.) The diurnal sleep attacks of nar- 
colepsy (except for their abrupt onset) 
are similar in every respect to normal 
physiological sleep, and can be termin- 
ated xvith equal facility. 

The differentiation of idiopathic 
narcolepsy from narcolepsy secondary' 
to organic disease, endocrine dyscrasias 
and psychogenic factors will naturally 
depend on the individual phy'sician’s 
proficiency in the diagnosis of those 
conditions. Other diseases and condi- 
tions which must be differentiated arc: 
coma from anv cause, hookworm dis- 
ease, trypanosomiasis, the drowsiness of 
fatigue, the lethargy of convalescence 
from febrile illnesses, the fatigue com- 
mon to chronic wasting diseases, the 
somnolence of asplmia, the drowsiness 
or somnolence of over-sedation, and 
acute alcoholism**'. Probably' the most 
important consideration is for doctors 
to keep in mind the possibility' of nar- 
colepsy in their differential diagnoses 
Clinical guesses frequently made on 
narcoleptics base included over-drink- 
iuE of milk, ncurocirculatory asthenia. 
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laziness, and disbelief in die patient’s 
statement®®. 

There are several interesting military 
aspects of narcolepsy. As a “disturbance 
of consciousness”, it is a cause for rejec- 
tion for military service®. Since idio- 
pathic narcolepsy occurs several times 
more often in males than in females, 
and usually has its onset before tlie age 
of 25, it is apparent why many cases 
of this symptom-complex have ap- 
peared among military personnel®®-®®. 
Soldiers on guard duty who fall asleep 
while in the performance of this impor- 
tant function are usually subjected to 
disciplinary action®^-®''^. (This has been 
considered a major military offense by 
all armies down through the ages.) In 
some cases, however, a defense on med- 
ical grounds is appropriate and just. 
During World War II, one psychia- 
trisf*® reported that “Of 25 soldiers dis- 
covered asleep on post as sentinels, 
they were divided into the following 
3 groups: a, Four men were rebellious 
psychopatlis who fell asleep intention- 
ally. b, Nineteen men were, in the main, 
good soldiers, who fell asleep because 
they more or less carelessly had failed 
to get enough sleep before going on 
post, c. Two men had narcolepsy.” A 
War Department publication on the 
subject of military training®® advises 
that “morning hours should be used 
for training requiring the greatest 
mental concentration. Afternoons are 
suited to subjects requiring action and 
movement”. Interestingly enough, nar- 
coleptics have a tendency to develop 
sleep attacks during the same monot- 
onous or post-prandial periods which 
ordinarily cause drowsiness in the 
nonnal individual. Then, too, the narco- 
leptic can often dispel drowsiness, at 
least temporarily, by physical exertion. 
Since narcoleptic symptoms are bizarre, 
the \-ictim of such a condition in tire 
militarv ser\’ice is often at first called 
“lazy” or “Rip \''an Winkle”, reduced 
to the grade of private for falling asleep 


during lectures and demonstrations, 
and given more and more menial 
assignments. However, since even top- 
sergeants have a limit to their endur- 
ance, tlie narcoleptic eventually is sent 
to the hospital. There is certainly some 
similarity between cataplexy and the 
condition of some combat soldiers who 
become “paralyzed” by fear. “This fear 
paralysis is also seen in animals, as 
when a small animal is unable to escape 
from an appfoaching snake”". Another 
writer®® stated that “It must ha\'e meant 
safety to the animal to lie motionless 
as though dead. From this aspect at 
least, tlie phenomena of the affectiie 
cataplectic fit fall into line with reac- 
tions phylogenetically ancient, and are 
capable of psychological and teleolog- 
ical explanation. It would appear that 
tlie mechanism once utilized by fear to 
produce motionlessness can also be 
activated by an emotion of opposite 
quality.” The most decorated American 
soldier of World War II, in his realistic- 
book, “To Hell and Back”-'’", tells of 
the unexpected appearance of two Ger- 
man soldiers at tlie front during the 
Italian campaign. Of the incident he 
said, “As we prepare to leave, two 
straw-laden figures round the stack. For 
an instant, the four of us stand stupidly 
sharing a mutual paralysis of surprise. 
Then, still clutching our straw, we take 
off.” Another autlior^® stated (hat “Sol- 
diers brought up to tlie front line have 
fallen asleep under their first bombard- 
ment. Tlie e.xperiments of nature dupli- 
cate Pavlov’s on conditioned inhibition 
When a man perceives a peril from 
which lie wants to escajie. Init is 
deterred by some other circmnstance 
such as the wish to appear hra\e. he 
is being acted on by an ‘inhibitors- com- 
bination' of stimuli: e.vcitalions which 
under simpler conditions would be 
uiven free rein are now checked bv an 
inhibitors- process. Narcoleptics betray 
an undue susceptibility to inliibition.'’ 
Several cases of sleep paralysis are 
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"of a capsule containing 25 mg. of 
ephedrine sulfate before breakfast, be- 
fore lunch and at 4:30 P. M. If the pa- 
tient is not entirely relieved, the morning 
and noon doses are increased to 50 mg., 
but the late afternoon dose is kept as 
low as possible, and in some instances 
is omitted, in order to avoid disturbing 
nocturnal sleep. A few patients have 
taken as much as 75 mg., while others 
have obtained relief from 16 mg.”^''\ 
L. E. Daniels (at present Professor of 
Neurology at Colorado University 
School of Medicine) and an associate 
were the co-discoverers of the use of 
ephedrine in narcolepsy^®. Tlie symp- 
toms of overdosage of ephedrine are 
tachycardia, tremulousness, h)q5erexcit- 
ability, and insomnia’-'"’. However, 
severe reactions to ephedrine are un- 
common’-. As there is increasing evi- 
dence that the psychogenic element is 
large in some cases of narcolepsy, many 
cases of the ti-eatmeht of this condition 
by psychotherapy have been re- 
ported^®'®^'®®’®®, often with marked 
amelioration of the patient’s symptoms 
or an actual cure‘‘®'®^’’®'’®'^®. F. G. 
Ebaugh--, in his training of students 
and psychiatric resident physicians, has 
always emphasized the importance of 
treating the patient as a whole rather 
than as a system of isolated organs or 
emotions. 'The handling of cases of 
narcolepsy exemplifies the necessih' of 
such a plural approach. The following 
cases of narcolep-sv were diagnosed and 
treated in one of the hospitals or clinics 
of Colorado Medical Center: 

Case 1. A. L. M.. a 15-vcar-o1d while boy, 
w.as Rrsl .seen in the Pediatric Ncurolotty 
Clinic of Colorado Gcncr.al Hospital in Jnlv, 
19-lR. coinplainintj of frequent irresistible 
attacks of dium.al sleep and “falling down 
spells” of 2 months duration. The “falling 
down spells” were always preceded bv laugh- 
ter at some humorous situation and c.auscd 
the patient to fall to the ground and remain 
there for a minute or two. He was alwaN-s 
conscious while on the ground but could 
neither talk nor move. For several weeks 
after the onset of his illness he suffered from 


“dreams of terrible things in which humans 
took part. He was restless at night and fore 
up his bed and bed clothes and talked in 
his sleep for a while.” The following c.vami- 
nations and tests were negative; Gencr.al 
physical and neurological examination, elec- 
troencephalogram (patient aw.akc), spinal 
fluid. Roentgen-ray examinations of the chest 
and skull, basal metabolism (-9), blood 
counts and hemoglobin, blood sugar and 
nonprotcin nitrogen, blood Wassermann and 
Eagle Flocculation Test. There was no history 
of head trauma or dise.asc suggestive of 
encephalitis. Benzedrine sulfate (beginning 
with 2.5 mg. B. I. D. and gradually increased 
to 15 mg. B. I. D.) was not vciy- effective in 
reducing the sleep or cataplcctic attacks. 
Oral ephedrine snlfatc (l^ gr. T. I. D.) was 
more effective but not entirely satisfactory. 
Inquiry into the home situation revealed that 
the patient's S)Tnptoms began one week fol- 
lounng the remarriage of his father. The boy 
openly resented this newcomer to his father’s 
household. The stepmother considered the 
boy "stubborn and undisciplined” and fell 
it her duty to “train him right.” The neur- 
ologist, the pediatrician and the psychiatrist 
were equally convinced that the constant 
"tug of xvar” behveen the boy and lu's step- 
mother would have to be resolved before 
trcatnicnt with any medicine could be effec- 
tive. Psychotherapy was advised but the step- 
mother was extremely defensive, on the 
grounds that “What he needs is to get .away 
from the hospital atmosphere. I'll handle this 
situation.” 

This is a h’pical case of idiopathic 
narcolepsy with a probable emotional 
component as the precipitating or ag- 
gravating factor, ^^'^c know that the 
emotions aflect the symptomatology of 
organic as well as of functional dis- 
eases. For example, the tremors of 
Parkinson’s Disea.se arc markedly in- 
creased by anxict}’. 

Case 2. J. W. S., ,n 12-yc.ar-old while l>ny. 
was first seen in the Pediatric N'curnlngy 
Clinic of Colomdo General Hospital in July, 
1916. with the following complaints: “I have 
had .sleeping spells for a year now, -'5 or -5 
limes a dav. Thev come on usu.ilb- win n 1 
ain’t got nothing to do. The other kids think 
it is funnv when I fall asleep in school, but 
I don’t think it is funny. My teacher rn.rke-^ 
me stand up to keep me awake. W.u’sing 
will keep me aw.ike. I sleep for a minute 
or two up to an hour or so. I d.in’t sleep 
well at night since these sleeping spcib 





PROGRESS OF MEDICAL SCIENX'E 


10 !) 


Colorado Psychopathic Hospital’s Department 
of Psychology, revealed the following: "The 
diagnostic impression is a neurotic depression. 
In his stories the mother is a hostile rejecl- 
ing figure. He tends to solve problems by 
evading them. He is resigned to his father’s 
hostility and reacts to its passively. He is 
afraid to strike back. It is interesting that in 
some of his stories he evades striking back 
at men by going to sleep.” 

This also is a typical case of idio- 
pathic narcolepsy. Unfortunately it was 
engrafted on a personality already 
crippled by the frustrations of a life- 
long disfiguring eczema and borderline 
mental deficiency. In spite of it, how- 
ever, this patient can probabl)' be kept 
from being a menace to society, by 
medical and psychotherapeutic meas- 
ures available to the general prac- 
tioner^-’'. 

Case 3. J. D. E., a 14-year-old white boy, 
was first seen in the Pediatric Neurology 
Clinic of Colorado General Hospital in 
P’ebruary, 1949, complaining of "head- 
aches, sleeping and falling spells”. His mother 
said: “Since June, 1948, he has fallen asleep 
about 6 times every day, usually when he 
sits down and has nothing much to do. He 
closes his eyes and is asleep just like that 
(snapping her fingers). He never falls asleep 
outside when he is doing the chores, only 
when he comes inside. He has complained 
of ratlier sharp headaches also since June, 
1948, and nothing but sleep will stop them, 
not even aspirin. He never has headaches at 
night. I usually have to shake him a little 
and call him to wake up. He wakes up in 
about a minute, and is usually cranky if I 
wake him up before he has slept about 20 
minutes. He often falls a.slccp while he is 
reading. It looks like ordinary sleep to me. 
He has even gone to sleep while he is sitting 
at the supper table, but never during an 
interesting discussion. He goes to sleep 
instantly. Five months after his sleeping 
attacks began, his falling attacks started. 
Whenever he hears a funny joke and laughs 
out real hard his arms and legs just kinda 
dangle and he falls to the ground. His knees 
just give away and it is a minute or two 
before he can get up. M'hilc he is llierc on 
the ground, his eyes arc open and his jaw 
is dropped. He would make kind of a funny 
noise with his throat like he was still IxAing 
to laugh but couldn’t get it all out. He never 
gels unconscious or soils his clothes. He never 
twitches or jerks during these spells and 


always hears the end of the joke that he 
was listening to. He never goes to sleep 
after the spells.” The patient said, "The head- 
aches are sharp and just on one side, from 
the right side of my nose to the right middle 
part of my head, not often on the left .side. 
I have the headache every day, sometimes in 
the morning and sometimes in tlic afternoon. 
It is not usually severe. It slays 10 or 1.5 
minutes and sleeping stops it mostly. Even with 
aspirin I have to sleep to stop it. I feel .sleepy 
for a while before I fall asleep. Getting up 
and running is the only way I know lo stop 
the sleep, or if somebody tc.ases me real 
strong. If I stay out of breath I won’t sleep 
but fall asleep when I slop breathing liard. 
If I just trot I’m still sleepy but if I run with 
all my might Tm not sleepy. 1 stay asleep 1 
to V-i hours and feel fine when 1 wake tip. 
I never sleep after laughing real hard. I never 
go to sleep while I'm walking. I usually fall 
asleep when I ain’t got nothing to do or when 
Fm not interested. At school it is usuallv in 
the afternoon when I fall asleep as I don’t 
like tlic teacher. I get mad when anybody 
wakes me up. Last summer for a while 1 used 
to wake up at niglit scared and in a cold 
sweat as I would dream of mon.stcrs or snake 
pits. But now when I dre.am it is about going 
to .school or something like that, not scary. 

I never walk or talk in my sleep. I sleep S 
to 10 hours every night, hut sleeping more 
does not keep me from getting sleep)’ in tlie 
day. The falling doum spells arc much more 
trouble to me than (he sleeping. I start to 
laugh, get out a few laughs and then lose 
control of my muscles all over and I just fall 
down. I stav down for a minute or so and 
know everj'lliing that is going on .around me. 

I c.an hear them t.alk and can see tlicni 
walking around. Once in a while. Ihoueh. 
while I’m down my mind isn’t real clear and 
I get clouds over my eyes and I can’t sec 
real well. When I get control of my muscles 
the cloud goes away from my eyes and I’m 
all right. Shaking me or t.alkin" to mo brines 
me out of it. NIom always s.avs, ‘Stop that’. 

I fall whenever I hear a re.al funny joke and 
sometimes I feel wc.ak after it and have to 
.sit down for a while, hut not most of the 
time. Langliing is the only thing that makes 
me f.all but when I ciy real bard when I'm 
mad. my knees get weak for a few minutes. 

I also get wc.ak knees when 1 ect mad at 
our c.alf for nmning aw.ay from me, but I don’t 
fall. Tb.at c.alf sure makes me mad when Iw 
runs oft. When I l.mch hani at scliool. wh<’n 
I’m sitting doaaai. my arms drop to my sith-s 
and my head hits the desk with .a Innc and 
th.at .snaps me out of it and I’m nil ri"ht. 
The same thing happ-ns if I f.a!! .~.s!'’ep in 
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spinal fluid, and Roentgen-ray examinations of 
the chest and skull. The initial dosage of 
amphetamine (benzedrine) sulfate of 5 mg. 
after breakfast and after lunch was increased 
to 10 mg. tsvice daily. This latter dosage 
abolished the attacks of tonelessness following 
laughter and diminished tlie sleep attacks to 
about one daily. A recent follow-up report 
shows tliat the patient is doing very well in 
high school and will graduate this year. He is 
a star member of his school football team. 

Tliis is apparently a case of sympto- 
matic narcolepsy, me result of an en- 
cephalitis (or localized degenerative 
process in tlie hypothalamus®") compli- 
cating acute infectious hepatitis®®. This 
type of narcolepsy has been reported 
previously^®. Involvement of both liver 
and brain, in acute and chronic hepatic 
disease, is of common occurrence. Such 
diseases as Wilson’s Disease (hepato- 
lenticular degeneration) and kernict- 
erus are well known examples®. 

Case 5. R. G., a 26-year-old single white 
male, was admitted to Colorado Psychopathic 
Hospital in July, 1942. The patient, the son 
of Mexican parents, gave the following 
account: “In 1941 I had a quarrel with my 
girl and her aunt, and her aunt didn’t approve 
of me. I was disgusted and joined the army. 
About that same time I started getting sleep- 
ing and drop spells. When Td go on marches 
with my unit I would fall asleep during the 
short rest periods-also during class periods. 
I told an officer that I could carry on normally 
the rest of the day if I could only take a few 
naps. He got mad and had another soldier 
slap me whenever I got sleepy. That made 
me awful mad. They finally sent me to the 
hospital and I was discharged as having 
narcolepsy, after being in tlie army for only 
3 mondis.” His parents said, “These sleeping 
spells last 15 to 60 minutes and occur several 
times a da)', mainly when he is doing noth- 
ing in particular but sometimes when he is 
at the dinner table or while he is talkinc to 
someone. The drop spells usually follow 
temper tantrums when he is mad about 
sometliing. He just falls down and can’t move 
or talk for a minute or two. He loses control 
of his jaw and tongue. For years he 
has been hard to get along with, and argues, 
and always thinks that he’^ knows evciything. 
For the past year he talks in his sleep at 
night and has wild imaginations. For years 
he had the idea that his family doesn’t like 
him.” 


His past history revealed tliat tlie only 
childliood disease he had liad was a mild 
case of measles at 13 years of age. There 
was notlxing to suggest encephalitis. He gave 
no history of head trauma. He completed 
almost 2 years of college, majoring in educa- 
tion. He quit college at the age of 20 because 
of the development of multiple somatic com- 
plaints. No organic disease was ever dis- 
covered to account for the complaints. From 
tlien until joining tlie army he was an ineffec- 
tive helper on his fatlicr’s farm. After dis- 
charge from tlie army he continued working 
on liis father’s farm, and was a constant 
source of annoyance because of iiis belligerent 
and superior attitude. The father is described 
as a domineering patriarchal type of man who 
insisted on governing his family with iron 
discipline. 

Mental status examination revealed a 
seclusive indi\idual with many somatic com- 
plaints. He had several sleep attacks daily 
wliile in tlie hospital but no cataplectic 
attacks. He was irritable and demanding, and 
believed that ei'eiybody was against him and 
talked about him. He admitted terrifying 
auditor)' and visual “hallucinations” at night 
which took tlie form of snakes and dragons. 
His I. Q. was 102. Physical examination was 
entirely negative. The following examinations 
were also negative: Urinalysis, blood counts 
and hemoglobin, spinal fluid, blood sugar and 
nonprotein nitrogen, blood Wassermann, blood 
bromide, Roentgen-ray examinations of tlie 
skull and gastrointestinal tract, electrocardio- 
gram, basal metabolic rate (—13). On the 
morning of his 9th hospital day he was started 
on 5 mg. of benzedrine sulfate orally and W’as 
to have received the same dose in the after- 
noon. How'ever, that afternoon the patient’s 
hither signed him out against medical advice 
before the effectiveness or optimum dosage 
of the benzedrine sulfate could be determ- 
ined. The final diagnosis was “Paranoid 
Schizophrenia with Narcolepsy”. Follow-up 
study revealed that the patient’s narcolepsy 
is W’cll under control with small doses of 
benzedrine sulfate. However, he is still an 
ambulatory par.anoid schizophrenic who is 
making a borderline adjustment to society. 

The TclutioBship of some cases of 
narcolepsy and paranoid psychoses lias 
been discussed in tlie literature"-’®-'* '’’. 
However, the exact relationship is still 
obscure’”. 

Case 6. W. C.. a 19-ycar-old single win!'- 
male, was admitted to Colorado Psyciiopathic 
Hospit.il in June, 192S. with the primaiy- com- 
plaint of frequent diuni.il atl.ic’;^ of irrcsisti’Dle 
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sleep. The sleep attacks had been present 
since he recovered from a severe ease of 
“influenza” in September, 1925. Gataplectic 
attacks (which were precipitated by sudden 
laughter), insomnia, nocturnal restlessness and 
terrifying nightmares had developed a few 
months after the onset of the “sleeping spells” 
and had persisted to the time of his admis- 
sion to the hospital. Mental status examina- 
tion was negative e.vcept for the patients 
“marked tendency to fall asleep during the 
day”. Physical examinah'on was negative 
except for a central type of facial weakness 
on the left side. The following examinations 
were also negative: Urinalysis, blood counts 
and hemoglobin, blood Wassermann, spinal 
fluid. Roentgen-ray examinations of the skull, 
and basal metabolism (-f-1). The diagnosis 
was “Chronic Encephalitis with Narcolepsy”. 
At that time, 1928, there there was no known 
effective treatment for this type of narcolepsy. 
However, in 1930, immediately after ephe- 
drine was proven to be of benefit, Dr. F. G. 
Ebaugh administered ephedrine sulfate to the 
patient in oral dosages of gr. % three times 
a day. Marked symptomab'c improvement 
resulted. One year later he was attending 
college and was on the school football team. 
An attempt was made to contact this patient 
for a follow-up study, but he had moved 
out of the state and could not be located. 

This case is representative of that 
type of symptomatic narcolepsy which 
is secondary to chronic encephalitis^®. 
Many such eases have been reported 
in the literature®*’^^. In general the 
prognosis in this type of narcolepsy is 
considered better than in any other 
type^^. The behavior disorders®®-®'* as 
well as the narcoleptic attacks®®-®®-®® 
which may appear as postencephalitic 
residuals often respond favorably to 
psychotherapy*®-®*. 

Summary, 1. A review of the subject 
of narcolepsy is presented. ITiis 
included its historical background, 
.sjTnptomatoIogy, etiology, pathology, 
psychopathology, differential diagnosis, 
electroencephalographic characteristics, 
military aspects, and treatment. 

2. Six cases of narcolepsy are pre- 
sented. The first two cases are definitely 


of the idiopathic type. The third case 
is either idiopathic or secondary to 
head trauma. The fourth case was 
apparently secondary to a severe case 
of acute infectious hepatitis. The fifth 
case was associated with a schizo- 
phrenic psychosis. The sixth case was 
encephalitic in origin. 

3. The second and third cases give 
the patients' own descriptions of Aeir 
narcoleptic attacks. In addition, the 
third case gives a mothers impression 
of her son’s illness. These were in- 
cluded in order to acquaint the reader 
with the detailed clinical picture of 
typical cases of narcolepsy. 

4. The second and third cases, in 
addition, were given psychological 
tests in order to contribute to the pres- 
ent knowledge of the emotional con- 
flicts and personality patterns of nar- 
coleptic patients. There is a definite 
suggestion in both cases that the nar- 
coleptic attacks were utilized to evade 
unpleasant emotional conflicts. 

5. Psychotherapy at the specialty 
level was offered to the first two 
patients, with acceptance and satis- 
factory results in the second case. 

6. It should be emphasized that 
psychotherapy in many cases of nar- 
colepsy is not beyond the scope of the 
general practitioner, internist or pedia- 
trician handling the patient®®. The 
methods and concepts are clear®*-®®, 
and the amount of human suffering 
that can be reduced by their proper 
utihzation is great. 

7. Although amphetamine (benze- 
drine) sulfate is usually the more 
effective drug in the treatment of 
narcolepsy, its older sister, ephedrine 
sulfate, is at times more effective, and 
should not be forgotten in the mad 
rush for something “new and differ- 
ent.” 
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Production of Convulsions in Rats by 
Exposure to Ultra High Frequency 
Electrical Currents (Radar). G. M. 
Austin, M.D., and S. Horvath, Ph.D. 
(Depts. of Neurosurgery and Physical 
Med., and Grad. Sch. Med., Univ. of 
Penna. ). Previous experimental work on 
the effects of radar pulsations on man 
and animals, indicated tliat no harmful 
effects resulted. This paper deals with 
the effects of continuous radar pulsa- 
tions at short distances on a group of 
47 rats. Tlie dorsal surface of the head 
was exposed to a wave length of 12.2 
cm. for varying periods of time. Sixteen 
rats were exposed to a 60 watt energy 
output at 2.5 cm. distance, and 25 rats 
exposed to a 90 watt output at zero 
distance from the skull. In 6 rats the 
director was focused o^'e^ the spinal 
cord. Those rats ex'posed to a 60 watt 
output showed clonic type conwilsions 
in a mean time of 2.8 minutes. These 
rats liad an average increase in rectal 
temperature of 4.2° F. Those e.xposed 
to 90 watt output con\ailsed in a mean 
time of 1.2 minutes. There was no gen- 
eralized hypertliermia in tliese rats. 
Brain temperature measured in S rats 
showed an average temperature of 
110.4° F. immediately after onset of 
conwilsions, although in those exposed 
to 90 watts there was no associated 
increase in rectal or thigh muscle 
temperature. 

No pathological changes were found 
in any of the brains of sacrificed rats 
severe enough to exqdain the countiI- 
sions. Mild pyknosis, in the Purkinje 
cells of the cerebellum, in the Pvramidal 
layer of Ammon’s Horn, and in the 


third layer of the cerebral cortex were 
the only findings outside of moderate 
congestion. In those animals with the 
director placed over the spinal cord, 
no convulsions were noted, although 
rectal temperatures occasionally rose as 
high as 112° F. 

It is concluded that a .specific rise in 
the temperature of the brain itself is 
the most important factor in these con- 
vulsions, and a generalized hyper- 
thermia has no bearing on the onset of 
comailsive activity. 

Respirator)' and Circulator)' Reflexes 
From the Heart and Lungs Initiated by 
the Veratrum Alkaloids, Domingo NI. 
Aviauo. Jr.. M.D„ and Rorert G. 
Pontius, M.D. (Lab. of Pharmacol.. 
Univ. of Penna.). Preparatory to the 
study of respirator)' and circulator)' 
refle.xes arising from the heart and 
lungs, the site of action of one of the 
veratrum alkaloids was investigated. 
Intravenous injection of the alkaloid 
has been repeatedly shown to cause 
reflex apnea, bradycardia and In'potcn- 
sion by acting on receptors in the chest. 
Almost all previous attempts at locali- 
zation of the receptors were on ojien- 
chest preparations and the observations 
were on the circulatory reflexes. Cath- 
eterization of the different parts of the 
cardio-pulmonary circulation of anes- 
thetized dogs (moqrhinc and chlorn- 
losc) has enabled the localization of 
the receptors responsible for the reflex 
apnea. 

Injection of veratridine in do<.e of 
l;«gm. per kg. into the left or rich! 
pulmonar)' artery or into the artery far 

(n.V) ' 
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(Dept, of Physiol, and Pharmacol., 
Grad. Sell. Med., Univ. of Penna.). It 
is a well known clinical fact that 
0.5 gm. of aminophylline administered 
intravenously will stimulate the brain. 
It is known to make drowsy patients 
more alert and to make Cheyne-Stokes 
respirations more regular. It seemed of 
interest to study the effect of amino- 
phylline on cerebral blood flow in order 
to help clarify its mechanism of action. 

Ten patients, without any ob\aous 
cerebral depression, were chosen at 
random. A cerebral blood flow was per- 
formed according to tlie nitrous oxide 
method. Following tliis, 0.5 gm. of 
aminophylline in 250 cc. of physiolog- 
ical saline solution was administered 
intravenously over a period of 20 
minutes. While tlie last 50 cc. ran in, 
a second cerebral blood flow was per- 
formed. Pulse, mean arterial blood 
pressure and respiratory rates n^erc 
recorded before and during each flow. 

These aminophylline studies gave the 
following results. There was no change 
in arterial Oo content. There was an 
expected increase in respiration re- 
flected in a decrease in arterial pCOs 
and an increase in arterial pH. There 
was no significant change in overall 
cerebral oxygen utilization. Tliere was 
a striking and highly significant 
increase in cerebrovascular resistance 
which resulted in a decrease in cerebral 
blood flow from a mean of 59.4 to 44.4 
cc. per 100 gm. per minute (P<.01). 
Witli the decrease in cerebral blood 
flow and the constant cerebral oxygen 
utilization, the cerebral venous 
content decreased from S.2 to 6.2 \ ols.7 
(P<.01). Since the cerebral venous 
content reflects the O 2 tension of the 
brain, aminophvllinc causes an anoxia 
of cerebral tissue. 

The mechanism for these chances is 
obscure. As cxirccted. hvperventilation 
occ\irrcd. reflected bv a significant low- 
ering of arterial pCO^ and a small rise 
in arterial pH. A drop in arterial pCCh 


is known to cause a decrease in cerebral 
blood flow. The maintenance of a con- 
stant cerebral venous and therefore 
brain pCOo found in this series ma\' 
be the mechanism controlling the 
changes in cerebral circulation. 

It was noted that 4 of the patients 
reacted to the drug with extreme 
anxiety and otlier symptoms. Each of 
these 4 cases had an increase in 
cerebral oxygen consumption, the mean 
being a statistically significant rise 
from 3.7 to 4.6 cc. per 100 gm. per min. 
The other 6 patients had a statistically 
significant decrease in cerebral con- 
sumption from 3.9 to 3.3 cc. per 100 
gm. per min. 

Tliese findings indicate that amino- 
phylline, as used clinically by intraven- 
ous administrab'on in doses of 0.5 gm.. 
far from acting as a cerebral vasodila- 
tor, produces a marked constriction of 
cerebral vessels and a real anoxia of 
cerebral tissue as reflected in the con- 
stant and striking decrease in cerebral 
venous O 2 content. 

Scrum Esterase Levels in .\lcolio1ie 
Patients. T. C. Barxics. M.D.. K. R. 
Beutxer. M.D.. and R. Bkutxer, M.D. 
(Hahnemann Med. Coll, and Hosp. of 
Phila., and the Kcelcy Institute. 
Dwight, Illinois). The hang-over .state 
of chronic alcoholism and delirium 
tremens may be caused hv a disturb- 
ance in acetylcholine metabolism. 

Tlie hepab'e damage from alcoliol 
mav cause a depletion of cholinesterase, 
hence an excessive concentration of 
acch'lcholinc which, through its effects 
on the cerebral cortex might well be 
responsible for the disturbance of 
cerebral function in this ailment fas 
shomi bv abnonnal fast and slow waves 
in EEC). (Barnes: Confinia Xeuml- 
ogica. S. 73. 194S). 

Estera.se detenninations were dojie 
according to a modified method of 
Alles and Hawes: 0.5 cc. of the blood 
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serum of tlie patient were mixed with 
25 mg. acetylcholine in 20 cc. HoO 4- 
2 cc. buffer of pH 8, at 37°C. 

The time was measured for the pH 
to drop from 8 to 7 (glass electrode). 
This esterase time is inversely related 
to the concentration of the esterase. No 
patients of over 60 years were^j con- 
sidered since we confirmed Richter that 
the esterase in old age is low. 

Forty-six alcoholic patients with 
mild or no hang-over had an esterase 
time value of 210 to 450 (mean 334 
dr 7 seconds). Forty-seven alcohohc 
patients with average or severe hang- 
over symptoms, including 2 patients 
with delirium tremens, had an esterase 
time of 180 to 1,146 seconds (average 
401 d: 14 seconds). The incidence of 
high esterase value (from low esterase 
content) was much higher in the severe 
alcoholics; there being no time values 
over 480 seconds (8 minutes) in the 
group of 47 patients with mild or no 
hang-over, but 10 cases in the group of 
48 patients with severe or average 
hang-over, an incidence of 21%. It 
appears that the withdrawal (hang- 
over) symptoms of chronic alcoholism 


are caused by a poisoning with endog- 
enous acetylcholine which accumulates 
because of an abnormally low esterase 
present in the blood serum (and prob- 
ably also true esterase). 

We have found (Anat. Record, 10, 
739, 1915-16) that alcohol inhibits 
esterase of cat brain, when macerated 
cat brain is allowed to act on acetj'l- 
choline. Unpublished experiments dem- 
onstrate that cat brain esterase splitting 
mecholyl is also inhibited by alcohol. 
This shows that true tissue esterase is 
also poisoned by alcohol. 

Of the numerous empirical treat- 
ments tried for alcohol poisoning and 
addiction, it would seem that those 
are most rational which build up the 
depleted cholinesterase. Liver extract 
or fohc acid seems most suitable since, 
according to J. E. Davis (Fed. Proc., 
8, 285, 1949), they produce cholin- 
esterase in vivo, as well as in vitro from 
powdered liver. We found that admin- 
istration of liver extract to alcoholics 
produces immediate recovery, working 
faster than the customary Bi, or other 
vitamins. 
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BOOK REVIEWS AND NOTICES 


Neuroradiology. By Alexander Orley, 
M.D., Hon. Consulting Radiologist, West 
End Hospital for Nervous Diseases, London. 
Pp. 421; 572 ills. Springfield, HI.; Charles C 
Thomas, 1949. Price, $11.50. 

This book was prepared during the war 
years from material largely collected from 
the Hurstwood Park E. M. S. Neurological 
Hospital. The material is presented concisely 
and should serve a useful purpose. The entire 
cerebrospinal system is included. Most of the 
illustrations are reproduced as positives; many 
do not show the radiographic detail well. 
The pen and pencil sketches are very helpful. 

The publisher has as usual maintained his 
high standard of excellence in the preparation 
of this book. The paper is very good and the 
type is easy to read. E. P. 


Atlas of Oral and Facial Lesions (and 
Color Film Library). By Ralph Howard 
Brodsky, D.M.D., Consulting Oral Surgeon, 
Dept, of Hospitals, New York. Pp. 127; 100 
figs, and 100 color lantern slides. Balt.: 
Williams & Wilkins, 1949. Price, $80.00. 

The author of this publication is well 
known and well qualified to write on this 
subject. The description text for each of the 
100 Kodachrome reproductions is brief yet 
sufficiently complete. All of the common 
benign lesions and neoplasms are included in 
this atlas, as well as some of the less common 
conditions. General types of treatment are 
discussed. 

More emphasis might have been gi\'en to 
a discussion of differential diagnosis. While 
the rewewer had an opportunity to examine 
only 3 of the separate Kodachrome repro- 
ductions, it was readily apparent that much 
of the original color values had been lost 
in the duplication. 

Students and practitioners of Dentistr}' and 
Medicine should be familiar with this atlas. 

L. B. 


Current Therapy, 1949. Edited by Howard 
F. Conn, M.D.. cf al. Pp. 672. Phila.: W. 
R. Saunders. 1949. Price, $10.00. 

This book, by 236 American AulhoriUcs, 
gives brief, specific mctliods for the treatment 
of practical!)’ all diseases tliat one is likely 


to meet in medical practice. Each article 
gives concise directions for the use of drills 
and other therapeutic mea.sures which the 
author emplo)'s in his own jiractice. In manv 
conditions it describes the mctliods used bv 
more tlian one authority; usually there is but 
little variation in the recommendations. 

Tlie pages are large, but the double column 
format makes reading easv- The book is 
divided into 14 sections, widi the appropriate 
diseases arranged alphabeUcally in each sec- 
tion. There is a table of contents in the front 
of the volume, and a complete index of sub- 
jects and of authors in the back. 

This is a book for which every doctor will 
find flaily use. II. H. 


Biochemistry of the Teeth. By Henry M. 

Leicester, Prof, of Biochemistry, Coll, of 

Ph)’S. and Surg. of San Francisco. Pp. 306; 

5 ills. St. Louis: C. V. Mosby, 1949. Price, 
$5.00. 

The book opens with considerations of 
tooth structure such as the fact, known for a 
century and a half, that teeth arc composed 
of lime salts. Recently, the use of x-rays and 
the electron microscope has shown that the 
crystal lattice structure of enamel, dentin and 
bone re.sembles the naturalK- occurring min- 
cr.al apatite. Nevertheless the physical prop- 
erties of each of these slructiires differ. 

A chapter on tooth formation including a 
discussion of the mechanism of calcification 
follows. Enamel differs from bone in being 
an epithelial derivative, and its organic matrix 
is probablv a kcrato-hvalin simil.ir to that of 
keratins of hair and nails. Dentin has a col- 
lagenous ground substance which subsc- 
quentlv becomes c.alcified. Unlike bone, 
dentin is not normally subject to the physio- 
logic xHthdrawal of calcium s.ilts. llic 
cnzxanc mechanisms involved in the process 
of calcification of all these structures arc 
reviewed and discussed. The effect of vita- 
mins and of hormones on developing tcelli 
is reHcwed. Fin.ally the application of thi'; 
biochemistn.’ information to the problem of 
dental c.aries is considered. 

This book h.as collected the references from 
m.anv fields and presented findings with a 
critical discuscion of technic.d inctho-:N and 
sources of discrcp.incits and di':;'.:rctrr.rr.*.'. 

' P. B. 
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This report describes our preliminary tolerated by the tissues locally; M'hetber 
observations on the absoqition of gold absorption of gold would occur from 
from pellets of a gold salt, Lauron such implanted pellets; and whetlier 
(aurothiogl)'colanilide), implanted sub- tlierapeuticallv clfcctive results could 
cutaneously and intramuscularly in rab- be demonstrated clinically with tliis 
bits and our subsequent observations in mode of therapy. It is evident that if 
6 cases of rheumatoid arthritis. such a mode of administration were 

The primary object of our studies was feasible it would increase the safety of 
to ascertain whether pellets of gold chiysotherapy. The patient could be 
salts implanted subcutaneously or in- spared the discomfort and inconven- 
tramuscularly could be effectively sub- icnce of weekly intramuscular injcc- 
stituted in chr)'sotlierapy for repeated tions. Perhaps the ahsoqition of thora- 
injections of aqueous or oily suspen- peutically effective amounts of gold 
sions of gold. Specifically, it was the over long periods of time might be 
aim of the present investigation to de- more even and continuous, a likely and 
termine tlie feasibiliU’ of utilizing a simple means of e.vtending the period 
depot of gold in the treatment of rbeu- of gold therapy so that the likelihood 
matoid arthritis, wliich could be readily of clinical relapse miglit be reduced, 
removed in tlie event that a toxic reac- Although our studies are as yet in 
tion developed; to detenninc whether many respects incomplete and arc be- 
implanted pellets of gold would be ing extended, we feel that the results 
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obtained thus far both in experimental 
studies on rabbits and in the study of 
6 patients with rheumatoid artliritis are 
sufficiently interesting and potentially 
significant to warrant publication of our 
present observations so that further 
study by other observers, as well as 
ourselves, may help to crystallize the 
practical advantages of this mode of 
chrysotherapy in rheumatoid arthritis. 

Since the introduction of gold ther- 
apy^** for rheumatoid arthritis 20 years 
ago and the pointed observations of 
Forestier® indicating the striking effec- 
tiveness of chrysodierapy in this dis- 
ease, various studies relating to the ef- 
fectiveness of gold salts in thousands of 
cases of rheumatoid arthritis have 
been published®. Although results vary 
widely, approximately 55% of the pa- 
tients may be expected to become 
symptom-free or notably relieved; ap- 
proximately 13% obtain complete re- 
missions for periods ranging from 45 
to 78 months”. Controlled investiga- 
tions show that the results of chryso- 
therapy in rheumatoid arthritis are 
actually referable to the pharmacologic 
effect of gold®. 

Our own ex-perience wth chryso- 
therapy in several hundred cases of 
rheumatoid arthritis confirms Hench’s 
conclusions® that, in addition to other 
well accepted general measures of sys- 
temic therapy, “chrysotherapy is supe- 
rior to any other treatment and is the 
only method which will markedly 
change the course of the disease in a 
significant percentage of patients.” 

The real drawback to the most wide- 
spread employment of gold therapy in 
rheumatoid arthritis has been the oc- 
currence of reactions of varying degrees 
of severity in approximately 40% of pa- 
tients treated. Most of these reactions 
are mild, but some are serious and, in 
approximately 0.4% of cases, they arc 
fatal®. In some few cases reactions to 
gold may develop after administration 
of small amounts of the drug, appar- 


ently because of an inherent hypersensi- 
tivity of the individual. In the majorit)' 
of instances, however, reactions are the 
result of the cumulative action of the 
drug. This is especially true of cases 
with severe, protracted, or fatal reac- 
tions. The most serious of these are gen- 
eralized exfoliative dermatitis, agranu- 
locytosis, purpura, acute hepatitis, 
nephritis, and nephrosis. Various means 
have been suggested to reduce the in- 
cidence of such reactions. As a result 
of the metabolic studies of Freyberg 
and his associates^ the dosage of gold 
(which in earlier years of chrysother- 
apy was large, ranging from 100 to as 
much as 400 mg. of the gold salt at 
each injection) has been reduced. The 
majority of physicians with wide ex- 
perience in chrysotherapy now admin- 
ister individual doses no larger than 50 
mg. of the more soluble gold salts con- 
taining apprQximately 50% of gold®. 
Such lowered dosage has reduced but 
not eliminated the incidence of severe 
reactions. Further measures have be- 
come available with which we may 
combat some effects of gold toxicity 
Boland, Headley, and Hench® have in- 
dicated the effectiveness of penicillin 
in the treatment of a case of agranu- 
locytosis resulting from chrysotherapy. 
The effectiveness of British Anti-Lewis- 
ite (BAL) for either ameliorating or 
controlling toxic reactions has also been 
demonstrated'*. Despite these distinct 
advances, the control of serious reac- 
tions is still the most difficult and haras- 
sing problem attending chrysotherapy- 
In our own experience with patients 
presenting severe toxic effects of gold, 
we have been especially impressed \ritli 
the difficulty inherent in the fact that 
such patients must contend not only 
with the gold circulating in the plasma 
and that stored in the tissues, but also 
with depots of gold which remain at 
the sites of the original injection. It has 
appeared to us unfortunate that a pa- 
tient contending with tlie toxic effects 
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the pellets. Thereafter the plasma gold 
level gradually dropped to a concentra- 
tion varying between 0.075 mg. and 
0.125 mg. per 100 cc. In 2 of the 7 
rabbits, however, plasma gold levels as 
high as .175 and .15 mg. were obtained 
as long as 32 and 40 days after im- 
plantation, respectively. The average 
plasma gold level was 0.154 mg. 

One rabbit is still being observed 17 
months after implantation of the pellet. 
Plasma gold concentrations in this rab- 
bit have been maintained at between 
.05 mg. and .125 mg. per 100 cc. for 


the pellet could easily be shelled out 
when tliis envelope was incised (Figs. 
2 and 3). 

Clinical In\t;stigation. Six p a - 
tients with rheumatoid artliritis, none 
of whom had previously received any 
type of gold therapy, were selected for 
implantation of pellets of Lauron®. In 
all instances control plasma gold de- 
terminations prior to implantation of 
the pellets of Lauron were negative. 

Case Reports. Case 1. T. D., white male, 
age 58, suffered from an activ'e rheumatoid 
arthritis involving most of the joints which had 
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© Pcile* implanled jubculoneowjijr. Subcut. pellet extruded. 

0 Pellet tmplonted Inframutcolorly. "“0 Infrom. pellet exfrtrded. 


Fi(.. ^1.— I’l.iMiui foncentration of gold in Case 1 (T. D.) after subcutaneous and intramuscular 
implantation of pellets of aurothioglycolanilide (Lauron). 


as long as 3S0 days following implanta- 
tion. Postmortem examination was done 
on 6 rabbits at 17, 22, 32, 40, 66, and 
68 days respectively, after implantation 
of the pellets. In one rabbit the pellet 
was still found in the substance of the 
muscle; in the other 5, the pellets were 
Iving either under tlie muscle sheath, 
outside the bodv of the muscle, or in 
the ox'crlying subcutaneous tissue. In 
all instances tlie pellet was found to be 
encased in a semi-translucent cn\‘elope 
of fibrous connective tissue from which 


developed abruptly 3 montlis prewously. He 
also suffered from chronic bronchiectasis 
which had been present for many yc.ars. He 
presented marked stiffness and soreness of 
joints, s)Tio\ial swelling of the hands, elbows, 
and knees, and edema of the ankles. The 
sedimentation rate was accelerated to 24 mm. 
in 30 minutes and 26.5 mm. in 60 minutes 
(Cutler Method); the blood count showed a 
hN'pochTomic anemia: the urinalysis was nor- 
mal. Roentgenograms of the hands, wrists, 
shoulders, and ankles revealed U^pical carlv 
rheumatoid changes. 

On M.arch 13, 1948. 2 pcllcLs of Lauron. 
each weighing 850 mg., were implanted sub- 
cutaneoiislv in 2 separate sites in the lower 


* \Vc arc indebted to Dr. James R. Watson and Dr. D. X. DiSilvio for the surgicnl 
implantation of the pellets. 
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abdominal wall. These 2 pellets were broken 
during the course of implantation. On Match 
26, 1948, 2 additional pellets, each weighing 
865 mg., were implanted subcutaneously in 
separate sites in the upper abdominal wall. 
There was a continuous serous discharge from 
these sites svith extrusion of fragments of 3 
pellets, 1 remaining intact. On May 3, 1948, 
4 more pellets, 2 into each side, were im- 
planted into the substance of the sternal por- 
tion of the pectoralis major muscles. These 
incisions healed per primum and the pellets 
stayed intact. Approximately 4.3 gm. of gold 
remained in situ. 

The usual systemic measures of treatment, 
which included 2 blood transfusions of 500 
cc. each, and physiotherapy, were also em- 
ployed. 


til the 173rd day, at which time the 
level was 0.04 mg. The a\'erage plasma 
gold level was 0.068 mg. per 100 cc. 

The clinical improvement of this pa- 
tient occurred slowly but progressively 
in the course of the 5 months of obser- 
vation. The synovial swelling of the 
hands, elbows, and knees largely sub- 
sided, the ankle edema disappeared, 
and the subjective stiffness and pain 
were considerably ameliorated. The 
sedimentation rate, however, remained 
about the same. 

Case 2. S. L., white female, a^e 44, had 
rheumatoid arthritis of 4% years duration. 


C(3«e 2,'~'S L 



0 PetteJ "" 0 Introm pallet eaUuded 

Fin, 5.— Plasma concentration of gold in Case 2 (S. L.) after subcutaneous implantation of 
pellets of aurofhioglycolanilide (Lauron). 


Tlierc was an initial rise in the plas- 
ma gold concentration (Fig. 4) to .15 
mg. for 2 days following implantation 
of the first 2 pellets, when the plasma 
gold level gradually fell to .04 mg. on 
the 12th day when 2 additional pellets 
were implanted subcutaneously. De- 
spite the e.vtrusion of 3 of the 4 pellets, 
tlic plasma gold level remained be- 
tween .05 and .075 mg. Following im- 
plantation of 4 additional pellets intra- 
muscularly the plasma gold concentra- 
tion rose to .09 mg. and for the ne.xt 5 
days varied bctsveen .07 and .055 mg., 
fin'allv being maintained at .075 mg. un- 


Therc was moderate capsular and synovial 
swelling at the finger joints and swists, slight 
atrophy of the interosseous muscles of the 
hands, mild ssmovial swelling of the knees, 
stiffness of the shoulders, and tenderness ami 
swelling of the feet. The sedimentation rate 
was 10 mm. in .30 minutes; 19 mm. in 60 
minutes (Cutler Method). The blood count 
and urinalysis were normal. Boentgenogr.ims 
of the hands revealed characteristic changes 
of rheumatoid arthritis. On March 23, 1918, 
4 pellets of Laiiron. 2 into each site, ss'crc 
implanted into the suhcaitaneoiis tissue of 
the lower alxlominal wall. Three of the pellets 
contained 8-50 mg. of Lauron, the fourtli, 863 
mg. On April 7, 1918. 4 .additional pellets, 
each containing 865 mg. of Lauron, 2 pellets 
at each site, were implanted at 2 separate 
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sites into the subcutaneous tissues of the 
upper abdomen. Tliere was persistent serous 
drainage from the 2 sites of implantation in 
tlie lower abdomen, and 1 pellet was extruded 
in pieces, following which the incisions 
liealed. The 4 pellets in the upper abdomen 
remained intact, the incisions healing promptly. 
The 7 pellets remaining in situ totaled approx- 
imately 6.0 gm. 

As indicated in Fig. 5, tliere were 
marked fluctuations in the plasma gold 
concentration following implantation of 
the first 4 pellets of Lauron with levels 
as high as .10 and .125 mg. per 100 cc. 
on tlie 3rd and 7th days and as low as 
.05 mg. on the 2nd, 4th, and 13tli days 


plantation of Lauron, it was 2 mm. in 
30 minutes, 5 mm. in 60 minutes (Cut- 
ler Metliod). The blood count and 
urinalysis remained normal. 

C/iSE 3. O. E., wliite mnle, age 55, had 
chronic rheumatoid arthritis of Di years’ dura- 
tion. There were characteristic rlieumatoid 
changes with syno%1al swelling in the hands, 
knees, and ankles, as well as limitation of 
motion in both shoulders. The sedimentation 
rate was 10 mm. in 30 minutes; 18 mm. in 
60 minutes ( Cutler Method ) . The blood count 
and urinalysis were normal. Roentgenograms 
of tlie hands showed typical rheumatoid 
arthritic changes. 

On April 12, 1948, 6 pellets of Lauron, 


Coie 3.--0. E. 



® PeU«t Implon'ed inifcmwicvtody. InUom. ptUt! eilrtjded. 

Fig. 6.— Plasma concentration of gold in Case 3 (O. E.) after intramuscular implantaUon of 

pellets of aurothioglycolanilide (Lauron). 


following implantation. After implan- 
tation of 4 additional pellets the plasma 
gold concentration rose to .15 mg. and 
varied thereafter behveen .065 and 
.0375 mg. The average plasma gold 
level was 0.069 mg. 

The patient showed striking progres- 
si\’e impro\'ement, both subjectively 
and objectivelv. The pain and s\movial 
swelling subsided completely and the 
range of motion in the joints returned 
to normal. The sedimentation rate par- 
alleled die clinical improvement; on 
September 16, 194S, 6 months after im- 


865 mg. each, totalinn 5. 19 gm. in all, were 
implanted into the substance of the internal 
oblique muscle in the right flank. Serous 
drainage from the wound persisted until July 
2, 1948, when the incision closed complctelv. 
The pellets remained intact at the site of 
implantation until Juh' 21 ( 100 da\-s following 
implantation) when one comer of the in- 
cision opened and fragments of a pellet were 
extruded. Thereupon the incision again 
closed. The rcm.aining pellets totaled ap- 
pro.ximatcly 4.3 gm. 

Following implantation of the pellets 
of Lauron the plasma gold concentra- 
tion ranged from .0-375 to .10 mg. per 
100 cc., but in general tended to re- 



128 


3UKG0US, FETTERaiAN, CAPLAK: 


main between .03 and .075 mg. for the 
period of observation of 137 days. (Fig. 
ti.) The average plasma gold jevei was 
0.063 mg. 

There has been striking and progres- 
sive improvement in the artlintis, the 
swelling has largely subsided, the joints 
have become more flexible, and the 
pain has diminished. The blood count 
and urinalysis have continued to be 
normal, and the sedimentation rate on 
June 4, 1948, was 7 mm. in 30 minutes; 
15 mm. in 60 minutes (Cutler Metliod). 

More recently, 3 additional patients 
widi rheumatoid arthritis had pellets of 
Lauron implanted intramuscularly into 
the substance of the internal oolique 
and transversalis muscles. As in the 
first group, control plasma gold deter- 
minations prior to implantation of the 
pellets were negative. 

The operative technique in the more 
recent 3 cases was as follows: A right 
oblique flank incision was made and 
carried through the aponeurosis of the 
external oblique muscle. Six individual 
pockets were made in the internal 
oblique and transversalis muscles and 
one pellet of Lauron was introduced in- 
to each pocket. The individual pockets 
were oversewn with interrupted fine 
chromic catgut sutures. The aponeu- 
rosis of the external oblique muscle was 
then overlapped ov'er the internal ob- 
lique muscle with interrupted chromic 
catgut sutures. The subcutaneous tis- 
sue was approximated witli fine catgut 
and the skin was closed with silk. The 
latter was removed at the end of 10 
days. 

Since this group of 3 patients has 
been observed for a period of only 2 
months, wc will not attempt evaluation 
of the clinical results, but will only in- 
dicate the plasma gold levels obtained 
thus far. 

C.vst; 4. M. S., vviiitc fcm.iie .age 76, suf- 
fered from an active, e.irly rlicumatoid arth- 
ritis 5n%o!viiig chiefly the hands and knees, 
which had begun rather abruptly 2 months 


previously, during convalescence from a radi- 
cal mastectomy. There was marked synovitis 
of botli knees and stiffness and soreness of 
the metacarpophaiangeal and proximal inter- 
phalangeal joints of both hands. There was 
also marked pitting edema of both legs, hypo- 
proteinemia, a marked hypoclrromic anemia, 
moderate essential hypertension, and general- 
ized arteriosclerosis. The sedimentation rale 
was accelerated at 27 mm, in 30 minutes 
and 29 mm. in 60 minutes (Cutler Method). 
The urinalysis showed grade 1 albuminuria. 
Except for moderate osteoarthritis, such as 
might be e.xpected in a person of this age, 
roentgenograms of tlie knees were negative. 
Roentgenograms of the hands showed general- 
ized osteoporosis. 

The patient was hospitalized. Blood trans- 
fusions and the usual systemic measures of 
treatment and physiotherapy were instituted. 

On August 23, 1948, 6 pellets of Lauron, 
each weighing 850 mg. and totaling 5.1 gni. 
in all, were implanted intramuscularly. The 
incision healed per primum and the pellets 
remained intact. 

The patient has been followed for 31 days, 
during whicli time the plasma gold concen- 
tration has ranged from .03 to .05 mg., with 
an average level of .039 mg. 

C.vsE 5. E. C., white female, age 44, vViis 
first seen in December, 1945, with rheumatoid 
(psoriatic) arthritis of 3 months’ duration, 
accompanied bv a hypochromic anemia and 
accelerated sedimentation rate. The psoriatic 
lesions were minimal. 

In addition to general systemic measures, 
the patient was started on treatment with a 
soluble gold preparation, Solganoi B Oleosum 
(Schering), a total of approvimately 520 mg. 
being given over a period of 5 months, with 
marked improvement in the arthritis. 

The patient was not seen again until July, 
1948, at which time an exacerbation of the 
arthritis had developed with invoh'cmcnt of 
the elbows, shoulders, knees, ankles, and feel. 
There was svnovial swelling of the metacar- 
popbalanceal and proximal intcrpbalangeai 
joints of the hands and the kmces, capsular 
swelling of the distal interphalnngcal joints 
of the toes, and stiffness of the shoulders. 
Tire sedimentation rate was 22 mm. in 
30 minutes and 27 mm. in 60 minutes 
(Cutler Method). Tlicrc w.as a moder.ife 
hypochromic anemia. Tire urinalysis xvas 
norm.al; roontgeno^rams of the hands were 
negative. The plasma gold determination w.n 
negatix’c. 

On August 23. 1948, 0 pellets of Lauron 
each weighing 830 mg. and totaling 5.1 
grri. in all, were implanted intramirscul.iriy- 
The incision healed, per primum. On Sep- 



ABSORPTION OF GOLD FROif PELLETS OF GOLD SALTS 129 


lembcr 15, 1948, 'liowever, 23 days follow- 
ing implantation, there was a slight sepa- 
ration of the lower corner of the incision 
with drainage of a small amount of serum, 
which has persisted. The patient has been 
observed for 35 days, during which the 
plasma gold determinations have ranged 
Irom .035 to .065 mg., with an average 
level of .045 mg. A roentgenogram of the site 
ol implantation revealed that all 6 pellets 
were intact (Fig. 7). 

Case 6. A. M., white male, age 39, had 
a rheumatoid arthritis of 8 years’ duration. 


of the hands and feet showed characteristic 
rheumatoid changes. 

On September 10, 1948, 8 pellets ot 
Lauron, each weighing 850 mg. and total- 
ing 6.8 gm. in all, were implanted intra- 
muscularly. The incision healed per primum 
and the pellets have remained intact. Skin 
grafting over the varicose ulcers was per- 
formed at the same time. 

Plasma gold levels during the 13 days 
following implantation of tlie pellets have 
ranged from .04 to .08 mg., uitli an average 
level of .055 mg. 



Fic,. T.— Roentgenogram showing 6 pellets of aurothioglycolanilide (Lauron) implanted 

intraimiscularh-. 


There was slight ssnovial swelling of the 
metacarpophalangeal joints of the hands, 
characteristic fiesion and ulnar deviation of 
the hands, tenossoovial swelling over tlie 
wrists, rheumatoid nodules at the proximal 
phalangeal joints and along the e.vtcnsor 
aspects of both foreanns, and mild rheuma- 
toid deformities ot the feet. He also pre- 
sented A'aricose ulcers of both ankles. The 
sedimentation rate was accelerated to IS 
mm. in 30 minutes and 25 mm. in 60 
minutes (Cutler Method); the Mood count 
and urinalysis were nonnnl. Roentgenograms 


Summary and Conclusions. We are 
continuing observations on implanted 
pellets of Lauron (aurothioglvcolanil- 
ide) in a larger grotip of patients wath 
rheumatoid arthritis. Further investi- 
gation will also be directed toward as- 
certaining the optimum dose of gold to 
be implanted, the best sites for implant- 
ation, and further means for o\‘creom- 
ing the apparently irritating foreign- 
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body reaction induced by some im- 
plants, which leads to their extrusion. 

The results of the present investiga- 
tion, details of which have just been 
described, may be summarized as fol- 
lows; 

Pellets of Lauron ( aurothioglycolan- 
ilide) implanted either subcutaneously 
or intramuscularly in rabbits were gen- 
erally well tolerated by the tissues. In 
3 of the 6 clinical cases there was some 
drainage of serum from the wound for 
several weeks after subcutaneous im- 
plantation of the pellets, apparently the 
result of a foreign-body reaction of the 
tissues. Eventually, however, the 
wounds healed completely. Some of 
these pellets were extruded either in 
part or as a whole. Other pellets im- 
planted subcutaneously did not pro- 
duce serous drainage and were re- 
tained. The intramuscular imolantation 
of Lauron pellets was tolerated better 
than the subcutaneous. The improved 


operative technique employed in the 
last 3 cases appears to have reduced 
the tendency to extrusion of the im- 
planted pellets. In none of the cases 
was there evidence of local pain or in- 
fection resulting from the implantation. 
The plasma gold concentration increas- 
ed abruptly shortly after the implanta- 
tion of the pellets; then dropped to a 
lower level, which was maintained 
more or less constantly throughout the 
entire period of observation ranging 
from 3 to 5 months. These findings in- 
dicate that the subcutaneous or, better, 
intramuscular implantation of pellets of 
gold constitutes a practical procedure 
which might be further refined and de- 
veloped for the clinical management of 
rheumatoid arthritis. 

It is to be noted that the plasma gold 
concentration obtained in the rabbits as 
well as in the 6 patients studied were 
considerably lower than the plasma 
gold levels found in the studies of 


TABLE l.-PLASMA CONCENTRATIONS OF COLD AFTER IMPLANTATION OF 
PELLETS OF AUROTHIOGLYCOLANILTDE (LAURON) FROM 1ST TO 179TU 
DAY OF OBSERVATION IN FIRST 3 CASES STUDIED. 



Me. nf Cold 

por 100 cc. of Plasma 


Me. of Gold per 

100 ce. of Plarma 


C.VC I-T. 

D. C;isc2-S. L. 

Case 3-0. E. 

Days 

Care 1-T. D. 

Care 2— S. L. 

Ca«e 3- 

1 

.152 

.065 

.05-.053 

40 

.05 



2 

.1.52 

.05 

.09 

46 



.005 

3 

.05 

.10 

.075 

47 

.0".5 



4 

.075 

.05 

.05 

51 

.n65-.n9 



5 


.005 

.065 

52 

.07-.07.5 



fi 

.05 

.075 

.075 

53 

.07 


.075 

7 

.05 

.125 


.54 

.085 



S 


.09 

.10 

.55 

.075 



9 


.005 


58 

.075 



!0 

.05 



00 



.00 

11 



.005 

65 


.005 


15 

.01 

.05 


67 



.00 

14 

.05 



75 

.075 


.09 

15 

.05 

.0.55-.00.5 

.065 

81 



.005 

1(7 

.005 

.005 


91 


.0375 


17 

.005 

.07.5 


95 



.05 

IS 

.00.5 


.05 

116 



.05 

19 


.15 


121 


.05 


20 


.05 


1.35 


.0375 


23 


.065 


1.37 



.0375 

2.". 

.055 



145 

.03 



30 


.015 

0..37.5 

173 

.01 



3.5 

.005 



179 


.00 

.003 

30 



.00 

Average 

.068 

.009 
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Freyberg' witli accepted therapeutic 
doses ot soluble gold preparations in- 
jected intramuscularly. The average 
plasma gold concentration in our first 
3 cases with implanted pellets of 
Lauron was 0.067 mg. (Table 1). The 
average plasma gold concentration ob- 
tained by Freyberg after tlie injection 
of weekly doses of 50 mg. of gold so- 
dium thiomalate (25 mg. of gold) 
given intramuscularly was 0.33 mg., 5 
times higher than tlie average plasma 
gold level obtained by us. If tlie clin- 
ical improvement in tiie first 3 cases ob- 
served by us were really the result of 
the gold therapy employed, and not die 
result of spontaneous remission (a pos- 
sibility, of course ) there is a real ques- 
tion whether tlie higher plasma gold 
levels noted by Freyberg with intra- 
muscular injections of soluble gold 
preparation are really the minimum 
levels necessary for therapeutic results. 
It seems to us a simple possibility that 
lower plasma gold concentations may 
be as effective therapeutically as the 
higher ones obtained presently with the 
commonly acce]ited dose of 50 mg. of 
soluble gold salts. Such a possibility is 
implicit in the report of Rawls and his 
associates^- who obtained satisfactory 
therapeutic results in the treatment of 
rheumatoid arthritis with doses of gold 
ranging from 5 to a ma.ximnm of 25 
mg. of the gold salt, doses much smaller 
than those currently emploved. Ob- 
\'iouslv further renew of the question 
of dosage with preparations of soluble 
«mld salts is indicated. Such smaller 
doses, if accompanied by satisfactoiy' 
therapeutic results, would present a dis- 
tinct advance in chrysotheranv of rheu- 
matoid arthritis, for it would probablv 
again reduce the incidence of severe 
reactions bv reducing storage, therelw 
reducing the likelihood of protonla.smic 
noisoning. The possibility exists that 
the lower plasma gold ler'els obtained 


with implanted pellets may be more ef- 
fective therapeutically because of the 
more constant, more even, and more 
continuous absorption, and more con- 
stant maintenance of tlie therapeutic 
level from the pellets as compared widi 
tlie intermittent and perhaps irregular 
absorption of gold from intramuscular 
injections given at intervals of a week. 

In addition to the advantage of hav- 
ing a readily removable depot of gold, 
there is the additional advantage of the 
patient s not requiring weekly visits for 
injection of tlie drug, thus provuding 
not only an effective, but convenient 
and economical form of chrysotherapy. 

Altliough the number of cases report- 
ed in this preliminary report is so small 
that conclusive remarks concerning the 
dierapeutic efficacy of pellets of gold 
cannot be made, and are not attempted 
at tliis time, it may be significant that 
in tlie 3 instances reported which have 
been obsen'ed for periods up to 7 
montlis, there was striking subjective 
and objective evidence of improvement 
in the clinical condition of all patients, 
and simultaneous lowering of the sedi- 
mentation rate in 2. Our extensive ex- 
perience with chr)'SOtherapy would 
suggest that tlie clinical improvement 
noted was probably influenced by the 
gold therapy. We are aware of the fact 
that spontaneous remissions occur in 
rheumatoid arthritis and that the cases 
studied are few. Hence we are not 
ready to draw definitive conclusions 
concerning the therapeutic efficaci' of 
implanted jiellets of gold. Tliese ivill 
have to await more e.xtensive investiga- 
tion on a large number of patients. Tlie 
present report would indicate, however, 
that further investigation of tliis prob- 
lem is distinctly justified, since it mav 
supply a new. and possibly most effect- 
ive and least hazardous, means for the 
therapeutic utilization of gold in the 
management of rheumatoid arthritis. 
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The sulfonamides continue to be of 
value in the treatment of certain infec- 
tions, even though they ha\'e been par- 
tially displaced by tlie antibiotics. One 
of the chief drawbacks to the employ- 
ment of tlie sulfonamides, however, has 
been the development of urinary cal- 
culi as a result of precipitation of the 
drug in the tubules and pelves of the 
kidneys and in tlie ureters. Measures 
commonly used to keep tlie concentra- 
tion of tlie drug below the saturation 
level in the tubular urine, such as the 
forcing of fluids and alkalinization, are 
frequently neither practical nor de- 
pendable, The employment of sulfona- 
mide mixtures according to the metliod 
of Lehr^ is often effective in preventing 
the development of calculi, but intro- 
duces the possibility of an increased 
hazard of sensitization. For all these 
reasons, a more soluble drug would be 
welcome. 

Gantrosau (3, 4-dimetliyl-5-sulfaniI- 
amido-isoxazoIe)° is a sulfonamide of 
comparatively high solubilityf. At a 


pH of 6.0 'it is soluble to tlie extent of 
330 nig. per 100 cc. as compared with 
less than 60 mg, per 100 cc., or less, for 
sulfadiazine and sulfamerazine. The 
acetylated salt of gantrosan at pH 6.0 
is soluble to tlie extent of 110 mg. per 
100 cc. as compared with 80 mg. per 
100 cc,, or less, for acetylated sulfa- 
diazine and sulfamerazine. In vitro 
and in animals gantrosan has been 
found to resemble sulfadiazine in thera- 
peutic activity. In view of these facts, 
we have studied tlie effectiveness of 
the drug in human infections and are 
reporting results of this study in the 
present paper. 

Plan of SUidy. Gantrosan was available to 
us in 0.5 gm. tablets for oral use and in 10 
cc. ampules containing 1 gm. of the litliium 
salt for intravenous, subcutaneous or intra- 
muscular administration. The lithium salt was 
given in a 10% solution subcutaneously or 
intramuscularly. When we administered it 
intravenously, we diluted it vath isotonic salt 
or wth glucose solutions, although it can be 
given without dilution. 

For most infections we gave an initial dose 
of 6 gm. followed by 1 gm. every 4 hours. 


• Supplied by Hoffmann-LaRoche, Inc., Nutley, New Jersey. 

f At pH of 6 the soluhility is 1/3 that of sulfanilamide, but at pH of 6.2 it is over 1/2 as soluble and 
probably reaches its solubility at a slightly higher pH. Since sulfanilamide has such a limited therapeutic 
range, the comparison has been made only to those drugs commonly in use. 
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For urinary tract infections, 2 gm. were given 
initially and 1 gm. every 4 hours thereafter. 
Comatose patients were given 6 gm. intra- 
venously followed by 3 gm. by subcutaneous 
injection every 8 hours unBl they could be 
placed on the usual oral dose. If this could 
not be done within 24 or 36 hours, 1 gm. was 
administered by stomach tube every 4 hours. 
Children were given doses propoitionate to 
their ages on the basis of 0.06 gm. per pound 
of body weight for each 24 hour period. Is of 
the 24-hour dose being given as the initial 
dose. 

Alkalies were not administered, nor were 
fluids forced. The amount of fluids given to 
each patient was the same as he would have 
received if he had not been receiving sulfo- 
namides. 

Concentration of gantrosan in blood 
and cerebrospinal fluid. The concen- 
tration of the drug was determined by 
the method of Marshall and Bratton^ 
modified for the use of the spectropho- 
tometer. At first the concentrations of 
both total and free gantrosan were de- 
termined, but it was soon evident that 
very little conjugation took place. The 
values for total gantrosan were the 
same or, at the most, 25% more than 
the values for the free drug. Accord- 
ingly, in the great majority of instances 
tests were made for free gantrosan only. 

Table 1 shows the free gantrosan 
concentrations in 4 adult subjects at 
various inter\'als after a single oral dose 
of 6 gm. It is apparent that a high con- 


the blood 12 hours after the single oral 
dose. 

In Table 2 are given the free gan- 
trosan concentrations in 4 subjects who 
received a single intravenous dose of 6 

TABLE 2.-FREE BLOOD CONCENTRA- 
TIONS OF GANTROSAN AFTER THE 
INTRAVENOUS ADMINISTRATION OF 
6 GRAMS 


Conc'^ntralion of Gantrosan (mR. per 100 fc.) 
Hours after Administration 


Subject 

1 

4 

8 

C. H. 

10.6 

3.2 

2.6 

G. W. 

6.0* 

7.6 

5.6 

G. D. 

9.9 

5.9 

4.0 

C. M. 

10.4 

5.9 

- 

-Average 

9.2 

6.2 

4.1 


• We have not attempted to explain why 
this concentration was lower than that after 
4 hours. 


gm. After the first hour the concen- 
tration decreased, but a substantial 
amount was still present 8 hours after 
administration. 

One hundred and twenty-four speci- 
mens of blood were obtained from 54 
patients who were under continuous 
treatment with gantrosan. The patients 
were on a dosage regimen of 6 gm. 
initially, followed by 1 gm. every 4 
hours. Tire blood concentrations ranged 
from 2.7 to 17.0 mg. per 100 cc., al- 
though 8S% fell between 4 and 11 mg. 


TABLE l.-FREE BLOOD CONCENTRA- 
TIONS OF GANTROSAN AFTER THE 
ORAL ADMINISTRATION OF 6 GRAMS 


Concentration of Gantrosan (xnc. per 100 cc. ) 
Hours after Administration 


Subject 

3 

6 

9 

12 

J. s. 

6.6 

8.8 

6.2 

5.1 

J. II. 

10.6 

7.8 

5.7 

4.8 

T. C. 

9.3 

8.9 

7.0 

5.9 

H. W. 

12.8 

11.4 

9.9 

8.2 

L. J. 

13.8 

9.9 

— 

— 

.Average 

10.7 

9.4 

7.2 

6.0 


centration of the drug was maintained 
for 6 hours, and that, although the con- 
centrations fell off somewhat after this, 
the decrease was not striking. An aver- 
age of 6 mg. per 100 cc. remained in 


TABLE 3.-FREE BLOOD AND CEREBRO- 
SPINAL FLUID CONCENTRATIONS OF 
GANTROSAN 


Concentration of Gantrosan 

fmc. per 100 cc.) 

Patient 

Blood 

Cerebrospinal FIniJ 

C. H. 

12.2 

2.5 

C. H. 

12.2 

3.4 

H. K. 

4.7 

2.5 

H. K. 

4.0 

1.6 

G. W. 

3.7 

1.3 

L. P. 

8.4 

3.4 

D. M. 

10.4 

3.7 

W. H. 

8.9 

2.9 

•Average* 

8.1 

2.7 

O. C. 

13.8* 

0 ,3»* 


* wlio li.\d Ir'CM on uantrosan ilnf' 

:ipv for 24 hours or more. 

** Specimens c-olleeled 2 lionrs after sin"h’ 
oral dose of 0 i;in. 
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The a\’erage blood concentration was 
7,6 nig- per iOO cc. In one additional 
patient who had renal insufficiency 
with azotemia, the blood gantrosan 
concentration reached 23,7 mg. 

In Table 3 are showm the concentra- 
tions of free gantrosan present in speci- 
mens of blood and cerebrospinal fluid 
taken at the same lime. The cerebro- 
spinal fluid gantrosan concentration 
varied from 21 to 537f) of tlic blood con- 


monia ivere treated, with the e-xception 
of the rare patient who was admitted 
in extremis or with serious complica- 
tions. As a result, only about 10% of 
the patients with typed pneumococcic 
pneumonia were over 50 years of age. 

Among tile 38 patients with typed 
pneumococcic pneumonia, 1 patient 
died, a 65 year old colored male with 
chronic bronchiectasis and uremia in 
addition to a bronchopneumonia. One 


TABLE 4.-RESULTS OF 

TREATMENT WITH GANTROSAN 


• 

Number of 


RESULTS 



Pnlient<; Treated 

Sueccs'jfiil 

U^lsuccc^sful 

Died 

Piieumnnia. Pneumococcic (typed) 

-38 

36 

1 

1 

Prcsuma!)!y pneumococcic* 

41 

3S 

3 


Secondary 

7 

4 

2 

1 

Klebsiella ( Friodliuider’s ) 

1 



1 

II. influenzae 

1 

I 



IlemolvUe slrejrlocoecie 

3 

2 

1 


Meningitis. Meningococcic 

7 

6 

1 


Gonococcic 

I 

1 



Gonococcic Bacteremia 

1 

1 



Proteus endocarditis 

] 


1 


Broncliial astlima 

3 

3 



-Acute bronebitis 

3 

3 



-Acute exacerbation of clironic brcneliitis 





or bronchiectasis 

3 

3 



Lving abscess (with penicillin) 

2 

1 

1 


Septic pulmonarj’ infarct 





(Beta-hemolytic streptococcus) 

I 


1 


Urinary tract infections. 





E. coli 

S 

8 



A. aerogcncs 

3 

3 



P.s. aeruginosa 

2 

2 



Streptococcus gamma 

1 


1 


Etiological agent, undetermined 

1.5 

8 

7 


TOTAL 

142 

120 

19 

3 


* Primary pneiiinonia wiu'ch rcseniliicd pneumococcic pneumonia clinically, but from 
wliicb no pneumococcus was obtained. 


centration. The average cerebrospinal 
fluid concentration for the 8 patients 
under continuous therapy was 1/3 of 
tlie average- blood concentration. 

Results of Treatment. Gantrosan was 
used by us in 142 patients. The results 
are shown in Table 4. 

The first 15 patients with pneumonia 
were selected because the prognosis 
appeared favorable on the basis of age 
and the number of lobes involved. 
Later, all patients with bacterial pneu- 


patient with typed pneumococcic pneu- 
monia and 3 patients with untyped 
“at)'picar’ pneumonia failed to respond 
to several days of gantrosan therapy and 
recovered later after the administration 
of penicillin. The patient with second- 
ary pneumonia who died developed 
pneumonia following a gastric resection 
and received penicillin as well as gan- 
trosan. Among the 36 patients with 
typed pneumococcic pneumonia who 
recovered after the use of the drug 
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alone, the temperature fell below 101° 
F. within 24 hours after the start of 
therapy in 15 patients ( 42% ) and with- 
in 48 hours in 26 patients (72%). This 
compares favorably with the figures ob- 
tained by us for patients treated with 
other sulfonamides, namely 51% and 
72% respectively^. 

Nine (or 24%) of the patients with 
typed pneumococcic pneumonia had 
positive blood cultures when tlierapy 
was started. None of these patients 
died, although one was changed to pen- 
icillin therapy because he was not im- 
proving on the gantrosan regimen. 

It will be noted from Table 1 that 
gantrosan was generally successful in 
the treatment of beta hemolytic and H. 
influenzae pneumonias. The one pa- 
tient with a Klebsiella pneumonia who 
was treated unsuccessfully with gan- 
trosan also had an acute nephritis with 
azotemia before treatment was started. 

One patient with gonococcic menin- 
gitis and 6 with meningococcic menin- 
gitis were treated successfully. One pa- 
tient with meningococcic meningitis 
has been classified in the unsuccess- 
ful group because his treatment was 
changed to penicillin after several days 
of only partial impros'ement on gantro- 
san therapy. He was an alcoholic who 
manifested delirium tremens during his 
disease and liis course remained un- 
changed for several days after the shift 
to penicillin was made. He recovered 
ultimately. 

The patient with gonococcic bacter- 
emia recovered promptly on gantrosan 
therapv. Streptomycin was adminis- 
tered in addition to gantrosan to the 
patient with Proteus endocarditis but 
the combined therapy did not rid the 
blood stream of tlie organisms. The 
patient died 9 months later. 

Various pnlmonaiy' infections other 
than pneumonia were treated and. in 
general, the responses were similar tf) 
those obtained with sulfadiazine or sul- 
famerazine. Thirty-nine patients with 


urinary infections were treated. Among 
those in whom the etiologic agent was 
determined, the results were good with 
E. coli, A. aerogenes and Pseudomonas 
aeruginosa infections, and poor in the 
patient with a gamma streptococcic in- 
fection. Again, these results are similar 
to those obtained with other sulfon- 
amides. 

Toxic Effects. Hemoglobin determi- 
nations and leukocyte counts were 
made on alternate days on the majority 
of patients. Urinalyses were done on 
all patients 2 or 3 times a week, and in 
the case of 80 patients, careful urinal- 
yses were done daily with special 
search for crystals and red blood cells. 

Crystalluria was found in only 1 pa- 
rient and then only in a single spec- 
imen. Careful search of subsequent 
specimens failed to reveal any cry’stals. 
One patient with meningitis developed 
gross hematuria during the second day 
of treatment. He had been receiving 
the drug intravenously up to that time. 
The hematuria lasted for 12 hours and 
then stopped in spite of the fact that 
gantrosan therapy had been continued. 
In none of the other patients was gross 
or microscopic hematuria found. 

A maculopapular rash was observed 
in 1 patient, and fever, which was 
thought to be due to the drug, in *1 
others. 

Nausea without vomiting occurred in 
4 female patients. 

Discussion. If a new sulfonamide is 
to take a place alongside the sulfon- 
amides which are of proven worth, it 
must be either superior therapeutically 
or less to.vic than the sulfonamides 
which are already in use. Gantrosan 
apparently belongs to the latter class. 
Excluding nausea and simple cry'stal- 
liiria, only 6 patients experienced any- 
thing which could be c,alled a toxic re- 
action. Tills percentage of toxic reac- 
tions (4.2%) compares favorably with 
tliose found by ns for sulfadiaz.ine 
fS.I%) and sulfamerazine (10.0%)”'. It 
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is quite likely that a larger scries of 
cases would reveal approximately the 
same incidence of all the toxic reac- 
tions, with the exception of the renal 
complications, as ha\'e been found fol- 
lowing sulfadiazine and sulfamerazine 
therapy. The striking dilfcrcnce be- 
tween gantrosan and the other sulfon- 
amides (with the exception of sulfanil- 
amide) is the infrequency of ciystal- 
luria and the almost complete absence 
of renal complications. As far as we 
know, no one else has obserx ed gross 
hematuria as a complication of gan- 
trosan therapy. Accordingl}’, it is quite 
possible that the hematuria was caused 
by something else in our patient. Inas- 
much as it has been customary to re- 
gard any case of unexplained gross 
hematuria occurring during therapy 
with the other sulfonamides as a toxic 
effect of the drug, we have classified 
this case in tliat category. Since it may 
have been due to the precipitation of 
gantrosan in the urinar)' tract it should 
serve as a reminder to pliysicians using 
this drug that an adequate fluid output 
should be maintained here as in the 
case of the other sulfonamides. 

As a tlierapeutic agent, gantrosan ap- 
pears to be on a par with sulfadiazine 
and sulfamerazine. It is impossible to 
say this with certainty, however, since 
only a relatively small number of pa- 
tients in each disease group were treat- 
ed, and the sickest pneumonia patients 
were not treated. In the case of menin- 
gococcic meningitis it is likewise impos- 
sible to assay the value of a therapeutic 


agent in the absence of an epidemic. 
One would welcome studies on large 
numbers of patients with this disease 
and with Shigella d)’'sentery, the 2 ma- 
jor diseases in which sulfonamides arc 
still the therapeutic agents of choice. 

Our results vath gantrosan in a few 
patients with urinary infections were 
similar to those obtained with other 
sulfonamides. Others have report- 
ed moderate success in the treatment 
of urinary infections. 

Summar)' and Conclusions. 1. One 
hundred and forty-two patients have 
been treated with gantrosan, a new sul- 
fonamide which is more soluble at var- 
ious levels of pH than the sulfonamides 
in general use. 

2. Therapeutic results in various dis- 
eases, particularly pneumococcic pneu- 
monia, meningococcic meningitis and 
various urinar)'^ infections caused by 
gram-negative rods, were similar to 
those observed following the use of 
sulfadiazine or sulfamerazine, 

3. Urinary complications were limit- 
ed to gross hematuria in 1 patient. 
Crystals were obserx'ed in the urine of 
1 other patient. Dermatitis or fever 
attributed to the gantrosan was observ- 
ed in 5 patients. Nausea occurred in 4 
patients, vomiting in none. 

4. Gantrosan is recommended for use 
when a sulfonamide is required in a ^ 
patient where renal complications must 
be particularly guarded against. 

We wish to thank Mr. Charles A. Toompas 
for the technical assistance he rendered. 
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TIIE TREATMENT OF GONORRHEAL ARTHRITIS WITH PENICILLIN 
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This report is an evaluation of the 
effectiveness of penicillin in gonorrheal 
arthritis. It summarizes the experience 
on our wards for the past 3 years since 
this antibiotic has been employed. 

Basis or Study. During this time 28 cases 
of gonorrheal arthritis received penicillin as 
the basic treatment as soon as the diagnosis 
was made. In 2/i of these patients a presump- 
tive diagnosis was based upon the clinical 
picture and course, together with the finding 
of a definite gonococcal infection in the 
genito-urinarj’ tract. In the other cases B posi- 
tive cultures were obtained from tlie joint 

TABLE I.-RESULTS IN 28 CASES OF 
GO.NORRHEAL ABTIIRITIS 

Penicillin 
rrecived 
Di.iS- ( millionf 

Cur noii* of liniN ) Treated Result 


1. 
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8 
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2.0 
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4. 
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5 
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n. 
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12 
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< . 
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.5 
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«. 
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It 
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.5 

Greatly Imprrnrd 

10. 

Pmumpfhi* 
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50 
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n. 
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t 
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H. 
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8 
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0 
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in 
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IS 
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IT 
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H) 
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12 
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"*T 

Pr'-iri’DptiNr 

2.5 

8 

Currd 

2 s' 

Pfrrt rtl 

0,5 

0 
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fluid. Aspiration of the joint was not at- 
tempted where the arthritis was limited to the 
small joints of the e-xtremitics or relatively 
inaccessible articulations like the shoulders. 
Eflfusions were aspirated in 10 cases and in 
3 a positive culture was obtained. 

The amount of treatment and the results 
for all 28 cases are presented in Table 1. The 
failures arc reviewed in Table 2. 

Results of Therapy in PRE-PENiai.- 
LiN Era. The better to evaluate this 
still relatively new form of therapy, 
the results obtained in the past in the 
treatment of gonorrheal arthritis will 
be reviewed briefly. The methods em- 
ployed fall into 4 major therapeutic 
groups; (1) Essentially non-specific 
and symptomatic therapy, (2) hyper- 
thermy, (3) sulfonamides, and (4) the 
present use of penicillin. 

Essentially non-speciRc methods con- 
sisted of sedation, bed rest, heat to 
joints, articular drainage, the parenteral 
use of various protein derivatives of the 
gonococcus, non-specific foreign pro- 
tein therapy, and intravenous antisep- 
tics. The simultaneous treatment of any 
genito-urinary focus was always advo- 
cated. Wehrbein-'' summarized the use 
of varying combinations of llie.se meth- 
ods in 610 cases and found none to 
have anv marked advantage over the 
others. Classifying his ca.ses info 4 
grades of severity, with fever and joint 
pain as the criteria, he found that the 
average pcriod.s of hosnitaliziition were 
roughly 7, 13. 27, and 36 davs. In a 
group of 71 untreated case.s tiie clinical 
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course was similar. Treatment was con- 
cluded when the patient became ambu- 
lant and was able to leave the hospital, 
but no analysis in terms of joint func- 
tion or follow-up was made. A more 
recent and detailed report by Spink and 
Keefer-^ concerned 70 cases given non- 
specific therapy. Twenty-six of these 
patients were treated by immobilization 
of the affected joints, attention to gen- 
eral nutritional measures, and the use 
of salicylates and opiates. This first 
group averaged 50 days in the hospital. 
Eighteen of the 26 were completely 
cured. There was persistent ankylosis 
in 4 patients and residual stiffness in 
the affected joints of the remaining 4. 
The second group of 44 patients re- 
ceived the same basic treatment but, 
in addition, aspiration or open lavage 
of the joints was done for purulent 
effusions. Of these 44, only 17 showed 
complete joint recovery, while the re- 
mainder were left wth varying degrees 
of ankylosis or stiffness. 

Other investigators have stated that 
in the pre-specific era gonorrheal ar- 
thritis led to some degree of permanent 
disability in 23% of the cases.^ 

Tlie period of fever therapy began 
in the early 1930’s and marked a great 
improvement in results. A comprehen- 
sive summary’ and comparison of the 
outcome of hyperthermy and the previ- 
ous non-specific therapy in the same 
hospital were given by Schnabel and 
Fetter-’’. In 2 series of 93 cases each, 54 
were completely cured by fever as 
against onlv 5 cures wath non-specific 
methods. The criteria of cure were the 
complete restoration of joint function 
and the disappearance of gonococci 
from any preexistent focus. 

Summarizing the status of fever thcr- 
apv in the treatment of gonorrheal ar- 
thritis, Hcnch’- stated that, if early and 
adecjuate treatment is given, patients 
have an S0% chance of being cured 
with an additional Kr- chance of being 
greatlv relieved. In these acute cases 


the treatment was regarded by him as 
specific and the diagnosis open to 
doubt if no response occurred. In cases 
of over 6 weeks’ duration the propor- 
tions of cure and great relief dropped 
30% and 33% respectively, xvith ankylo- 
sis and stiffness as more likely com- 
plications. 

Following the introduction of the sul- 
fonamides the use of fever became rela- 
tively infrequent. Owing to the tech- 
nical difficulties of administration and 
an occasional severe complication, hy- 
perthermy became reserved for those 
cases resistant to the sulfonamides-h 
It soon became evident that tire re- 
sults from using sulfonamides were at 
least equal to those from fever therapy. 
Coggleshall and Bauer^ observ'ed tliat 
11 of 18 cases showed striking clinical 
improvement in 48 to 72 hours and that 
the end results in all cases were more 
satisfactory and took place in a shorter 
time than occurred with other forms 
of therapy, Keefer and Rantz*' reported 
14 carefully studied cases in which 
return of joint function was one of the 
criteria of cure. Twelve of these 14 
were cured. Hospital stays, however, 
ranged from 16 to 90 days and the au- 
thors noted that “in spite of the ster- 
ilization of the synovial fluid witliin a 
relatively short time, the damage to 
the synoxial membrane may require a 
long period for recovery.” Other au- 
thors reported similar results--’^. 

Within the last few years it has been 
widely observed that cure rates in 
genito-urinary gonorrhea treated with 
sulfonamides have declined strik- 
ingly We have not found any simi- 
lar reports in the treatment of gonor- 
rheal arthritis. 

Penicilun in GoNonniiEAL Arthiu- 
Tis. The first report of the use of peni- 
cillin in gonorrheal arthritis appeared 
in 1913’'. Most data have come from 
the .^rmed Forces and consist of large 
numbers of cases of genito-urinarv' gon- 
orrhea resistant to sulfonamides treated 
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later with penicillin. Gonorrheal ar- 
tliritis is mentioned as one of tlie 
many complications witliout further de- 
tails'^'^^'^”'-*'--. Tabulation of those se- 
ries wliich gi\'e tlie incidence of com- 
plications shows gonorrheal arthritis 
occurring in less tlian 1% of the total 
number of sulfonamide resistant cases, 
Tliis indicates tliat tlie actual incidence 
of arthritis as a complication of gonor- 
rhea was much less than tlie 1 to 3% 
which was tliought to be the ai'erage 
before the era of specific treatment. 
Hench and Boland^‘‘, reviewing their 
experience at an Army Rheumatism 
Center, stated tliat proi’ed gonorrheal 
arthritis was very rare. They believed 
that the majorit)' of the cases referred 
to them were really suffering from 
rheumatoid artliritis precipitated or ag- 
gravated by the gonorrheal infection. 
The later clinical course of their pa- 
tients led them to make this diagnosis. 
The most comprehensii'e series to 
date has been that of Hirsch, Feffer, 
and Dowling^'"’. They reported 17 cases 
of proved gonorrheal arthritis. Of these, 
13 were acute and of less tlian one 
montli’s duration. The first 7 of these 
acute cases received 200,000 to 2,400,- 
000 units of penicillin in 8 to 30 hours. 
In tliis group the gcnito-urinary focus 
cleared promptly, but there was no im- 
provement in the arthritis. The authors 
state tliat "all subsequently finally re- 
covered on symptomatic measures, sul- 
fonamides or fever therapy”. Tlie next 
group of 8 acute cases received 1,000,- 
000 to 2,000,000 units of penicillin over 
a period of 5 to 10 days. All showed 
complete recovery of joint function. 
The autliors believed that the prolonga- 
tion of the treatment in the second 
group of acute cases accounted for the 
good results. Penicillin has been used, 
but its place has not been established 
yet in keratosis blennorrhagica, which 
some regard as a complication of gon- 
orrheal arthritis. There is, however, in- 
creasing evidence that the cutaneous 


features may be a symptom of Reiter’s 
syndrome^”. 

Analysis of Results in Our Series. In 
each of our 28 cases tlie extra-articular 
focus of infection, such as urethritis 
or cervicitis, was eliminated promptly 
by tlie use of penicillin, and subsequent 
smears or cultures remained negative 
during tlieir hospital stay. Since tliis 
factor remained constant, we could 
assume that the infecting organism had 
been desti’oyed, in each patient. We 
evaluated tlie results according to tlie 
response of tlie arthritis. No special 
complications such as iritis or tenovagi- 
nitis occurred. The average duration 
before hospitalization was 7 days. 

Cured patients were those with com- 
pletely restored joints. Greatly im- 
proved were diose in which the follow- 
ing were observed: ( 1 ) fever, if present, 
quickly subsided; (2) signs of acute 
joint inflammation such as pain, swell- 
ing, redness and heat promptly resolved 
or were markedly alleviated; and (3) 
the residual joint involvement consisted 
only of slightly limited motion or ten- 
derness. Not improved, or failures, 
were those patients who showed resid- 
ual deformity or in whom no apparent 
change in the joint involvement was 
noted during the course of penicillin 
therapy. 

Using these criteria, 8 of our patients 
were cured, 15 were greatly improved, 
and 5 were not improved. 

Although 28 cases provide too small 
a series for statistical analysis, the re- 
sults in 23 of the 28 patients showed a 
trend toward therapeutic effectiveness 
at least equivalent to, or greater than, 
the outcome from sulfonamides or fever 
therapy and far superior to the results 
in the non-specific era without any of 
their complications. 

Discussion and Deductions. The sat- 
isfactory results, as well as the failures, 
of the use of penicillin must be sur- 
veyed in the light of the therapeutic 
goals in the treatment of gonorrheal as 
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well as any other type of arthritis. The 
objectives are: first, arrest of the spe- 
cific process; second, palliation by 
symptomatic relief and constitutional 
improvement; and third, prevention 
and correction of deformity. 

It seems certain that penicillin usu- 
ally can be expected to arrest the infec- 
tion. In every one of these 28 cases, 
including the 5 regarded as failures, the 
fever promptly subsided, all pain and 
acute swelling of joints disappeared, 
and there were no instances of progres- 
sion of signs, newly inflamed joints or 
reactivation of the initial focus after 
penicillin was started. Although cul- 
tures of joint fluid were not done after 
treatment was instituted, it is a likely 
assumption that in every one of these 
cases the penicillin produced a bacte- 
riologic cure. 

Such a deduction is supported by 
other evidence. In a large survey series 
Finland and Meads® concluded that 
proof of in vivo fastness of the gonococ- 
cus had not been reported. It had been 
shown that repeated subculturing of 
the gonococcus in vitro could produce 
temporary penicillin fastness-^'. Since 
then, however. Franks'' has described 
4 cases of penicillin-resistant gonococ- 
cal urethritis which responded to fever 
fheranv. Others have employed fever 
therapy in combination with penicillin 
as a routine'"'. 

Our experience indicates that the 
bacteriologic cure that can be eflected 
by penicillin docs not eliminate the 
need for attaining the two other goals 
in the treatment of any form of arthri- 
tis. symptomatic relief and the preven- 
tion or correction of deformity. Tims 

y 

in 10 of the last 12 cases followed per- 
sonaliv by us, residual joint involve- 
ment had to be treated for an average 
period of 3 weeks even though the 
neiiicillin eliminated actise gonococcal 
infection. Tlie joint signs and symp- 
toms in these cases were due to thick- 
ened. persistently inflamed synovial 


membranes, inflamed extra-articular 
structures, or damaged cartilage sur- 
faces. The therapeutic problem then 
becomes similar to tliat seen in other 
chronic arthritides, where tlie proper 
use of immobilization, movement, the 
various physiotherapeutic modalities 
and, finally, corrective orthopedic pro- 
cedures are necessary for satisfactoiy 
results. 

The advent of the antibiotics, with 
their rapid destruction of the etiologic 
organism, probably requires a revision 
of methods of management in those in- 
fections amenable to the new therapeu- 
tic agents. The principles of rest and 
immobilization of infected joints, some- 
times for long periods, to assure fixa- 
tion in optimum positions, served their 
purpose when specific infections fre- 
quently and inevitably threatened .se- 
rious articular damage and an an- 
kylosed joint. When arthritis is due to 
an organism susceptible to antibiotics, 
the older methods probably must be 
modified now for the best results. More 
attention must be given to the judi- 
cious use of physical therapy and exer- 
cise in increasing amounts as soon as 
the infection is under control and with- 
in the range of the patient’s tolerance. 
The adequate use of posterior resting 
splints, rather than prolonged immo- 
bilization, seems more suitable. The 
discreet application of the foregoing 
measures to supplement the antibiotics 
would constitute a proper reorientation 
in the management of these disorders 
now that a dependable specific measure 
is available to overcome the infection. 

The following brief case histories 
illustrate some of these points. 


Case Abstracts Casf 1 It M , a 22 sf.ir 
old ne;;ro m.ilc. Rase a liistor) of sctii.il 
coursc follow td by a ponilent distli.irRf m 2 
d.ass Scscral d.ass Inter both shotiKbrs !>• - 
came p.iinful but S(K)n subsided, ,ind tlic !' A 
wrist lut.unc in.artcdU p.unfiil, swolliu. b''‘ 
.ind ttndir, w itli no inotion pfissibli- Tiu'- 
p r.iturc on aduussion w.is lOl" I' Unllud 
ailfurt- was pjsitnc. Roontgf n-r.iv filuis of 
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Ilic wrist were negative, cxeepting soft tissue 
swelling. The left wist was immobilized in 
a bass-wood splint, and activ'c motion insti- 
tuted twice daily. There was great relief of 
pain as soon as the wrist was immobilized. 
Penicillin (30,000 units every 3 hrs.) was 
started. Temperature w:us normal in 2 days. 
Swelling and acute pain left the wrist in 24 
hours. All tendemess was gone in 6 days, and 
no limitation of motion remained. 

This case represents a bacteriologic and 
functional cure. Penicillin was started 48 
hours after the onset of the arthritis and 
articular damage was probably minimal. 

Case 2. M. B., a 19 year old negre,ss, was 
admitted for a painful shoulder and a painful, 
swollen knee of 7 days’ duration. Subse- 
quently. there was involvement of the left 
sternocku'icular joint. Cervical and knee joint 
fluid cultures were positive for gonococcus. 
The initial temperature was 101° F. Penicillin 
(20,000 units every 3 hrs.) was started on 
the 9th da\-, and continued for a total of 
2,000,000 units. The temperature fell to nor- 
mal, and the swelling and pain present both 
in the knee and llie sternoclavicular Joint 
largely subsided in 3 days. Residual stiffness 
and pain, together with a slight fullness of 
the joint, remained in the left knee at the 
time of discharge, 22 days after the onset of 
therapy. The patient received daily short- 
wave diathenny treatments after the subsid- 
ence of the acute .s)Tnptoms. Roentgen-ray 
films of the knees were negative in this c.asc. 

This represents a greatly improved ease. 
Bacteriologic cure was effected, but residual 
stiffnc.ss and pain remained. These probably 
were due to S)’novial thickening and damage 
prior to the beginning of penicillin therapy. 

Case 3. M. C., a 25 year old ncgre.ss, 
entered with a history of a painful swollen 
knee of 3 weeks’ duration. The patient was 
married, and there was no history of urethritis 
or cervicitis, but cervical cultures were posi- 
tive for gonococci. Fluid from the knee was 
purulent and yielded a positive culture of 
gonococci. Roentgenograms showed evidence 
of articular destruction. Penicillin therapy was 
started (30,000 units every 3 hrs.). The 
initial temperature of 101° F fell to normal 
in 2 days, the patient felt much improved, 
and the pain and swelling of the knee sub- 
sided almost completely in 5 days. It was 
noted at this time, however, that the knee 
could only be e.vtended to 155 and remained 

\Ve are indebted to Dr. John Deitrick, Dr. 
cases from their medical divisions included h< 


quite tender. A circular cast was then applied 
with the intention of subsequently wedging it. 
When first seen by us, this cast had been 
on for 10 days. The cast was removed and 
it was found that the knee was “frozen”. 
Penicillin had been continued throughout this 
period. Daily physiotherapeutic treatment was 
instituted, but after 3 months this patient still 
had a contracture of the knee causing her to 
limp. 

This case is one of the 5 failures. The 
residual changes as well as the poor functional 
result cannot be attrib\Red to lack of efficiency 
of the penicillin. The outcome probably would 
have been influenced considerably by the use 
of posterior molded splints with at least a 
minimum of daily active or passive motion 
from the start. In that way the initial con- 
tractures might have been avoided. Fimther- 
more, since Roentgen-raj' films already showed 
articular damage, there probably was es- 
pecially good reason here to avoid prolonged 
immobilization. 

Summary. 1. Twentj^-eight ca.ses of 
gonorrlieal arthritis treated with peni- 
cillin are reported. Of these, 23 were 
regarded as cured or greatly improved, 
5 as failures. 

2. Penicillin effected a bacteriologic 
cure in every patient, according to the 
clinical course. 

3. The over-all results, however, 
depend on other factors, too. Measures 
to preserve joint function and in that 
way to prevent residual disability, or 
to overcome impending contractures, 
must be instituted without delay. 

4. The trend of results, both for bac- 
teriologic and functional cure, indicates 
a therapeutic effectiveness at least 
equivalent, perhaps superior, to pre- 
vious methods of treatment. 

5. Earlier judicious use of joint mo- 
tion and physiotherapeutic modalities 
as a supplement to penicillin therapy, 
seems to be indicated in the manage- 
ment of this infectious arthritis in the 
new era of antibiotics. 

D. J. Richards, Jr., and Dr. W. S. Tillett for 
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There is, at present, little published 
evidence of the efficacy of streptomycin 
therajiy in salmonella infection.s. As 
part of tlie in\'estigative program of the 
National Research Council in which 
streptomycin was used to treat various 
infections, 26 cases caused by salmon- 
ella M'ere studied'. The results of ther- 
apy were thought to be poor. In a re- 
view by Pulaski and Amspacher' of tlie 
e.N:perience of the U. S. Army with 
streptomj'cin in the treatment of certain 
infections of intestinal origin 10 cases 
of salmonella infections have been re- 
ported. They regarded the results of 
therapy in their cases as favorable, but 
found them difficult to evaluate since 
this is often a self-limiting disease. 

Because relatively few cases of sal- 
monella infection treated with strepto- 
mycin have been reported and since 
the results of therapy are inconclu- 
sive-’^, we believe there is value in re- 
Dorting our rather unique experience of 
being able to follow several patients 
who were receiving streptomycin at the 
time the infection occurred and to com- 
pare their course with that of patients 
infected with the same strain of organ- 
isms but who did not receive strep- 
tomycin. 

* Aided by re.search grants from tlie U. S. 
Pfizer Company, Brooklyn, New York. 


An outbreak of acute gastro-enteritis 
occurred among the patients on the Tu- 
berculosis Unit of the Universit)' Hos- 
pital. This outbreak was found to be 
limited to those individuals who re- 
ceived a certain feeding of a high car- 
bohydrate and higli protein formula, an 
enriched milk drink used for interval 
nourishment in patients who are under- 
weight. Si.v of the persons with the 
digestive upset were patients on the 
unit, and 2 non-patients wlio drank the 
formula developed similar illnesses clin- 
ically. ^Ve were unable to follow the 2 
non-patients. Organisms, identified by 
cultural and serological methods as 
Sahnonello schottmiilleri, were isolated 
from the susnected formula and from 
the stools of the 6 tuberculous patients. 
All 6 patients received for their salmon- 
ella infection similar treatment, con- 
sisting of strict bed rest, intravenous 
fluids to correct their dehydration, and 
sulfadiazine. The sulfadiazine was 
given in the dose of 2.0 gm. stat, then 
1 crm. every 4 hours for 3 to 6 days. In 
addition, 2 of the patients who devel- 
ooed the enteric infection were receiv- 
ing intramuscular streptomycin as part 
of their therapy for recent pulmonary 
tuberculosis at the time of the outbreak. 

Public Health Service and from the Charles 
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Fig. 1.— Chart of J. S., G04384, a 24-year old while woman, with bilateral far advanced 
pulmonary tuberculosis who was being treated with strict bed rest and streptomycin (begun on 
i 2-1 7-46). On the night of 2-9-47 she was awakened from her sleep by severe abdominal 
cramps and backache. This was followed by malaise, nausea and vomiting. On the following 
morning her stools were loose and watery. Her symptoms slowly subsided over a period of 
3 weeks. She lost only 11 pound of weight during this period. 
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Tig. 2.— Ch.irt of A. M., 3S29Sj, 30-\e.ir old wluti- woni.m, liospit.di/ed bct.iiise of iiiodir- 

.itely advanced pulmonary tuberculosis .ind tuln-rculoiis entercKolitis. On OetendxT i6, 1916 
she was started on streptomycin for her intestinal tuberculosis. There \sns excellent symptom ite 
.mprovemenl and stools iM-c-.ime nonnal in numlier and con'i'tency. She gained 23 pmnds in 
Height flOT to 132). Dnrin'^ the night of 2-9-17 she had loose sUxds v.ilhout other symptoms 
On 2-11-17 she deseloped nuisea. sorniting. dulls, fever, alxloniinal cramps and h.id 16 
ssalcrv hlixxl-tingi'd stools. The somiting stopp<d the following day and the n iiuea in .3 diys 
The alKlominal cramps ctintimied until 2-19-17. During this p’oexi tin re was ,m ll-jvniiid 
weight loss. Her stool cultures were still positive at the time of Imr transfer to .i sm ilormm 
on 4-S-lT. 
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llic dosage given being 0.4 gin. every 
4 hours hom 8:00 a. in. iiiUil midnight, 
totaling 2 gin. a day. Routine strepto- 
mycin serum le\’el determinations dur- 
ing this episode on the patient de- 
scribed in Fig. 1 showed a peak level 
(1 hour after the injection) of 32 meg. 
per cc. and a low le\'el of 16 meg, per 
cc. just prior to the ne.xt injection. 
These le\'els are similar to tliose ob- 
tained at other times during her course 
of streptomycin. The second patient, 
Fig. 2, had a peak streptomycin serum 
level of 19.5 meg. per cc. during her 
salmonella infection and had similar 


patients at some time during the course 
of the infection.® Cultures were not 
obtained on the other 2 affected indi- 
viduals. Five of the 6 patients contin- 
ued to yield positive cultures of Sal. 
schoiimuUcri for long periods after the 
subsidence of subjective symptoms. 

All of the strains were tested for 
sensitivity to streptomycin but none to 
sulfadiazine. The organisms isolated 
from tlie formula and from the stools 
of patients who did not receive strep- 
tomycin were all inhibited by 8 meg. per 
cc. of streptomycin but not by 4 meg. 
per cc. This remained constant through- 
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#LEA$T AI/OU'4T or STREPTOMVCIMCUflfTS/rC.? INHIBITING 
?;AL. 5iCHOTTM'jrLLCPI FROM STOOLS 


Fig. 3.— Cliart of J. R., 534535, 19-year old wliitc woman, witli moderately advanced 
pulmonary tuberculo.sis, being treated with strict bed rest and rigiit pneumotliora.v. Severe 
abdominal cramps and nausea with vomiting accompanied the fever and diarrhea on 2-9-47. 
Tliese symptoms subsided over a period of 3 days. There was a 6-pound weight loss during 
this period. 


levels at other times. Four of the pa- 
tients not receiving streptomycin at the 
time of the salmonella outbreak had 
comparable clinical courses to tliose of 
the 2 patients receiving the antibiotic. 
Fig. 3, describing the course of the dis- 
ease in one of these 4 patients, is 
included for comparison. The course 
was similar in all 4 patients. 

Bacteriology. Sal. schottmiilhri was 
isolated from the stools of all 6 of the 


out the patients’ course (See Fig. 3). 
Of the 2 patients who were receiving 
streptomycin parenterally at the time 
of the outbreak, the organisms per- 
sisted in the stools of one (Fig. 2) for 
several months and retained the origi- 
nal sensitivity (8 meg. per cc. ) as long 
as observed. The only positive culture 
from the other patient (Fig. 1) was 
obtained 1 month after the onset, at 
whieh time the organisms were inhib- 


* Isolation and identification of the cau.sative organisms was performed in the Bacteriology 
Laboratory of the University Hospital, Ann Arbor, Michigan. 
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ited by 50 but not by 20 meg. per cc. 
of streptomycin. A third patient (chart 
not sho\vn) was started on a course of 
streptomycin for her pulmonarj' tuber- 
culosis after the subsidence of symp- 
toms from her gastro-enteritis. A cul- 
ture obtained before the institution of 
streptomycin therapy was inhibited by 
8 meg. per cc.; after 10 days’ adminis- 
tration of the drug the organisms were 
inhibited by 100 but not by 50 meg. 
per cc. 

Comment There was no demonstra- 
ble difference in the course of the 
disease in the patients who received 
streptomycin as compared with those 
who did not. Tissue invasion by the 
infecting organisms occurred in spite 
of blood levels of streptomycin well 
aboi'e diose which inhibited the growth 
of the organisms in vitro. We appreci- 


ate the paucity of our knowledge con- 
cerning the relationship between in 
vitro and in vivo sensitivit}' of organ- 
isms to antibiotics. 

Summary and Conclusions. 1. An out- 
break from a known single source of S 
cases of Sal. schottmiillcri gastro-enteri- 
tis is described. 

2. Two patients recei\'ing parenteral 
streptomycin therapy at the time tlie 
infection occurred had courses compa- 
rable to those of patients not receiving 
the antibiotic, although their strepto- 
mycin serum levels were well above 
the in vitro sensitivity of the causative 
organisms. 

3. No correlation can be found be- 
tween the failure of streptomycin ther- 
apy and the development of strepto- 
mycin resistance by the organisms. 
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The simultaneous development of 
myeloma and polycytliemia vera in one 
patient is of interest for a number of 
reasons. They both chiefly involve tlie 
bone marrow. Their etiologies are un- 
known, and tlieir simultaneous appear- 
ance is rare. In fact, myeloma has com- 
monly been associated wdth anemia. A 
review' of the literature reveals 3 reports 
of polycythemia vera associated witli a 
possible myeloma. In none of tliese 
cases has the diagnosis of myeloma 
been positively established, if one uses 
tlie strict criteria of identifying pre- 
dominantly myeloma or plasma-like 
cells in the tumor or their increase in 
the bone marrow'. These criteria are in 
accordance W'ith the most recent publi- 
cations on myeloma to be mentioned 
later. 

Pribram^® described a patient with 
polycythemia, Bence-Jones proteinuria 
and the appearance, by Roentgen ray 
examination, of tumors in the sternum 
and ribs. As Bence-Jones proteinuria 
has been found in patients w'ith bone 
marrow disease other than myeloma^-®, 
and no biopsy or necropsy was obtained 
in this case, the diagnosis of myeloma 
was not definitely established. 

Perla and Biller^" reported the case of 
a 30 year old natient with polycythemia 
vera. Tliirteen years later, after ben- 
zene and Roentgen ray therapy, the 
red cell count was 3.5 million. The pa- 
tient died 2’/2 years later with anemia. 


w'hite cell count of 3,100, 22% myelo- 
blasts in the peripheral blood, urine 
negative for Bence-Jones protein, en- 
larged liver and spleen, and multiple 
soft tissue masses in the head, sternum, 
abdomen and groin. Autopsy revealed 
a tumor described as a hemoblastic or 
stem cell sarcoma of a primitive red 
cell t)'pe show'ing diffuse invasion. The 
tumor masses and bone marrow were 
similar in appearance w'ith sheets of 
primitive cells surrounded by pro-ery- 
throcytes, erythroblasts and normo- 
blasts. The pathological picture of this 
case resembles that of eases described 
by Ribbert^^, Smith^'^, and Taylor^® as 
multiple myeloma of the erytliroblastic 
type. These cases are of further interest 
because they w'ere regarded as multiple 
myeloma although few', if any, myelo- 
ma or plasma eells could be found in 
sections of the tumor. However, reeent 
artieles indicate that myeloma cells mav 
be identified more positively and read- 
ily in smear preparations than in histo- 
logical cut sections^’^’®-’^'®’^®-^''’--'’. This 
difference is partly attributed to the 
marked variations in morphology of the 
myeloma cell which may at times 
closely resemble other cell types such 
as the erythroblast. Pertinent is the 
case described by Taylor which re- 
vealed 23% plasma cells in a bone mar- 
row smear, while in the histological 
section of the tumor obtained shortly 
afterwards at autopsy only a few plas- 


This work has received support from a grant hv the U. S. Public Health Service. 
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ma cells could be recognized. The case 
deseribed by Perla and Biller could be 
called a myeloma of the erythroblastic 
or possibly the hemoblastic type under 
the system of classification* of myeloma 
formerly in vogue before the wde- 
spread use of smear preparations from 
sternal aspiration. However, the ab- 
sence of recognizable myeloma cells in 
this case makes the definite diagnosis 
of myeloma uncertain. 

The third case, reported by Arn- 
holdt", was a patient who had polycy- 
themia for 13 years prior to death fol- 
lowing splenectomy performed for 
splenic infarction. At autopsy, soft, my- 
eloma-like nodules were found in the 
marrow of both femurs. Histologically, 
these nodules appeared to be due to 
hemorrhage and connecti\'e tissue reac- 
tion, not myeloma. 

Since Bence-Jones proteinuria is often 
associated with myeloma, it is of inter- 
est to note that one other case of 
Bence-Jones proteinuria in polycythe- 
mia vera, besides that of Pribram, has 
been described. This case, reported by 
Tsuji*^ had no other clinical evidence 
to suggest the presence of mveloma. 

Four cases of definite myeloma asso- 
ciated w'th polycythemia arc reported 
hero. 

Report of Cases. Cash 1. G. K., a 59 yc.ar 
old (nan, w.as seen I'n Octolier, 1942. with a 
1 year liislnr)' of fatieue, dizziness, headaches, 
wc.isinn.al hlnrrino of vision .and marked 
fliisiiinc of the face. P.ast liistory was non- 
eontrihiitnrs'. 

Diijvciil rxnmin/ilinn revealed a roiind- 
IxKlied male with a ruddy eoinplesion. Blood 
pressure was 140 mm, rnerairy systolic and 
90 diastolic. Skin was diffusely covered with 
small Blood Blisters. Retinal veins were en- 
eoreed. Liver and spleen were not enlarpesl. 

I’eriplier.il Bloo<l showed hemoeloBin 17..3 
cm. per 100 cc.. red cell count .5.55 million, 
white cell count 19,800 with a nonnal dif- 
ferenti.d count, platelet count 440.000. and 
hem.iiocTit 007. Tlie urine was negative. 

Cmirrr. possible diagnosis of jvilycy- 
themi.r w,ls made and -O phlelxitomies of .50ft 
ic. e.ich Broueiit the hematocrit dossn to 47" 
ss'ith some symptomatic relief. The patient ss-as 


placed on a maintenance dose of plieiivl- 
hydrazinc but his former symptoms returned 
in a few weeks. 

From February to September, 1943, he was 
treated with radioactive phosphorus and re- 
ceived a total of 35.33 millicurics in 9 doses. 
The red cell count varied between 5.8 to 7.48 
million. The patient never showed any definite 
symptomatic improvement. Fatigue and head- 
ache continued to be the chief complaints. 

In the summer of 1944, the patient de- 
veloped pain in the lower dorsal spine radiat- 
ing to the right lower chest posteriorly. Tlic 
headaches and dizziness improved but (he 
marked fatigue and weakness persisted. 

In November, 1944, a roentgenogram re- 
vealed a lesion involving the ninth dorsal 
vertebra. At that time, the hemoglobin was 
14.8 gm. per 100 ec., red cell count 4.14 
million, white cell count 12,900 and hema- 
tocrit 46^. 

The patient was next seen January Id, 
1945, at svhich time the back pain svas more 
severe and characteristic of root pain. Tlic 
blood count was essentially unchanged. A 
roentgenogram showed a slight but definite 
increase in the destructive lesion of the ninth 
dorsal vertebra. Blood calcium, phosplionis 
and alkaline phosphatase were normal. 
Ery'throcyfe sedimentation rate was 15 mm. 
after 1 hour. 

In March, 1945, the pains in the spine and 
ehcsl increased. The patient developed pares- 
thesias, numbness and tingling oi the toes 
and fingers. Roentgenogram showed furllier 
increase of the lesion in the ninth dorsal verte- 
bra and a pathological fracture at that site. 
He developed nt.a.xia of the lower extremities 
and progrc.ssive weakness. Lumbar punctures 
revealed an increased globulin in the spin.il 
fluid. 

Tlie patient died on September 9, 194.7. 
Post mortem revealed a destnietive tumor n! 
the .Seventh, eighth and ninth vertehr.ie. 
Microscopic examination of the tumor sliwed 
a predominance of the pl.isma cells to estab- 
lish the diagnosis of myeloma. It is imprrssihh 
to state whether or not there w.is an increase 
of plasma cells in the sternal marrow section. 
Altnough only a single myeloma lesion s'l' 
found at autopsy, it is s'ery likely that (here 
ss-ere multiple lesions. A review of the rm nt- 
genograms revealed osteoclastic lesions in the 
region of the left acetahulum. upper portion 
of the left femur, wings of (he ilia and tlo’ 
s.acrum. Tliese areas were not evatru'ned .at 
the post mortem. Unfortunatelv, since tie- pa- 
tient was taken care of elsewhere during tho 
last 2 sears of his life, the urine w.is leser 
tested for the presence of Reoee-Joii'-s prot' in 
and a sternal puncture sv.is rimer doo'-. 
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Suwwary. The patient had sjaiiptonis and 
blood picture consistent with a diagnosis of 
poh'C) tlieniia vern. Tliere was no s)inj5toinatic 
iinprovcincnt after treahnent witli radioactive 
phosphonis, although the red cell count did 
fall to normal levels after the administration 
of 35.33 millicuries over a 7 month period. 
Two },'ears after the discovery of polycythe- 
mia, the patient developed symptoms from a 
destructive lesion of the ninth dorsal vertebra. 
He died one year later and at necropsy the 
lesion was found to be a myeloma composed 
predominantly of plasma cells. 

Case 2. E. B., a 50 year old housewife 
from Mexico City, was seen in January, lO'iS. 
Her chief complaints were diffuse, constant 
pains in the arms and legs for 6 months. 

History. In November, 1947, at Mexico 
City, she was found to have a red cell count 
of 6.S million and a hemoglobin of 20.3 gm. 
per 100 cc. Three weeks later her red cell 
count was 8.77 million; and, after spending 
2ti: weeks at sea level, it was 7.05 million 
with hematocrits of 61 and 5*6" respectively. 
At that time, the patient was found to have 
a Bence-Jones proteinuria. Laboratory tests 
revealed an impaired renal function with a 
low fi.xed specific gravity. Blood proteins 
showed no abnonnality. Erythrocyte sedimen- 
tation rate was 29 mm. after one hour (cor- 
rected). There was some symptomatic im- 
provement after a phlebotomy of 325 cc. 

Piist history revealed meningitis in child- 
hood, double pneumonia at the age of 24 
vears, and possible nephritis at 44 years. She 
had been a known diabetic for 15 years and 
had been well controlled by diet and insulin 
for 7 years. 

When seen at Berkeley, which is at sea 
level, the patient complained of malaise and 
headache. She had a temperature of 102.4'’ 
F. and was found to have a bilateral pneu- 
monia which responded to penicillin. 

On physical examination, the blood pressure 
was 150 systolic and 70 diastolic. Lungs re- 
vealed a slight emphysema with bilateral 
sticky basal rales. Liver and spleen were not 
palpable and there was no lymphadenopathy. 

Blood studies revealed a red cell count of 
5.2 million, hemoglobin of 14.5 gm. per 100 
cc., platelet count of 350,000, and white cell 
count of 10,700 to 12,300 (1% polys non- 
segmented, 60% polys segmented, 2% eosino- 
phils, 36% lymphocytes, 2% monocytes). There 
were 1 to 2 nucleated red cells per 100 white 
cells. Urine was positive for albumin and 
Bence-Jones protein. Roentgenograms of tlie 
skull and thorax revealed no bone lesions. 
Bone marrow obtained by sternal puncture 
revealed; 


Total count 500,000 

Myeloblasts 1.2% 

Prc-m)'cloc}'tcs, cos 4.4% 

Myelocytes, neut 11.8% 

Myelocytes, eos 0.2% 

Neutrophils, juv 16.2% 

Neutrophils, stabs 20.4% 

Neutrophils, segmented .... 16.4% 

Eosinophils 2.0% 

Basophils 0.8% 

L)’mphocytcs 1.2% 

Plasma Cells 9.6% 

Plasmablasts 0.6% 

Megaloblasts 1.2% 

Erythroblasts 2.4% 

Pro-nonnoblasts 2.4% 

Normoblasts 8.6% 

Megakaiy'ocytcs 0.6% 


The 9.6% plasma cells established the defi- 
nite presence of myeloma, which accounts for 
die Bence-Jones proteinuria. 

Patient’s status was essentially unchanged 
on September 20, 1948. In the high altitude 
of Mexico City, she has sjanptoms of dyspnea 
and pains in the extremities, while at low 
altitudes she is asymptomatic. The polycydje- 
mia in this case was thought to be related 
to a combination of high altitude, chronic 
bronchitis, emphysema and myeloma. 

Summary. This patient came from a liigh 
altitude locality where she was found to have 
a polycythemia which disappeared when she 
was at sea level. Her polynjiihemia was also 
partly secondary to a chronic bronchitis and 
emphysema. She complained of pains in her 
arms and legs and was found to have a Bence- 
Jones proteinuria. The diagnosis of myeloma 
was established by the discovery of 9.6% 
plasma cells in aspirated sternal marrow. She 
has been relatively asymptomatic almost one 
year after the discovery of the polycythemia 
and myeloma. 

Case 3. B.C., a 65 year old woman, was 
referred to us in January, 1949, with the 
diagnosis of polycythemia vera. She had an 
8 month history of progressive weakness and 
paresthesias of the arms and legs, with 
unsteady gait. For about 2 years, there was 
increased redness of the face, most marked 
in the past 6 months, and marked reddish 
cyanosis of the hands and feet. She had been 
on an elimination diet for the past 2 years 
for a dry “allergic” cough. 3 months pre- 
viously, she had an episode of marked dizzi- 
ness. At that time, there was enlargement of 
the liver and spleen, 5.21 million red blood 
cells and a hematocrit of 53%. 

Physical examination revealed a small 
woman with a florid complexion and slight 
cyanosis of the hands and feet. Blood pressure 
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sively into die etiologies and origins 
of m}'eIoina and polyc)ftheniia \'era, 
which appear to be neoplastic in 
nature. However, it is possible diat 
the proliferating cells of both the red 
cell and m)'eloma series originate 
from the same stem cell uith certain 
factors, unknowi at present, deter- 
mining die type of cell produced. In 
these cases, die stem cell may 
first ha\'e differentiated into the red cell 
series to cause die ele\'ated red cell 
count which later decreased w'hen the 
stem cell differentiated into myeloma 
cells. One can only speculate as to the 
part played by altitude and pulnionar)' 
disease in contributing to the polycy- 
themia. The myeloma may also have 
a relation to polycydiemia comparable 
to diat of leukemia where the latter 
often folloM's or complicates polycy- 
themia vera“. 

In Case 1, die lack of a favorable 
symptomatic response of die patient to 
radioactive phosphorus is worthy of 
consideration. Although the red cell 
count fell to normal levels, the patient’s 
symptoms persisted after temporary 
improvement. It is possible that the 
presence of unrecognized myeloma at 
the onset which may have been tempo- 
rarily benefited by P^“ may have been 
chiefly responsible for most of the pa- 
tient’s symptoms, instead of the polycy- 
themia. This suggests the importance of 
looking for odier diseases in polycy- 
themia patients who do not respond 
well to therapy. 

Some question arises as to the rela- 
tion between the myeloma and the 
radioactive phosphorus in Case 1. Could 
the phosphorus be a factor in causing 
the appearance of the myeloma? There 
is no record of such an occurrence in 
the literature. The lack of knowledge 
of whether this patient had myeloma 
before or during phosphorus treatment 
makes it impossible to attempt to an- 
swer this question; but with our present 
knowledge concerning the inducdon of 


tumors after irradiation, it is unlikely 
that such small doses could possibly 
induce a neoplasm so .soon after radia- 
tion therapy. Also, to date there have 
been no evidences of similar or other 
delayed effects of P''*- in an experience 
with several hundred patients extend- 
ing over the past 13 years. Another 
question arises: if the patient did have 
latent myeloma, did it respond thera- 
peutically to tlie phosphorus therapy? 
This also cannot be answered but must 
be considered in view of a recent report 
by Bayrd and HalP of a complete re- 
mission for a knowm 19 montlis of my- 
eloma following 6 millicuries of radio- 
active phosphorus, and in view' of some 
improvement in several patients with 
myeloma treated with radioactive phos- 
phorus^ 

The occurrence of myeloma in the 
other 3 cases wdiich never received 
radioactive phosphorus or Roentgen 
ray tlierapy adds further support to the 
view tliat radioactive phosphorus is not 
an etiological factor in the myeloma 
of Case 1, 

Since tliese patients were studied 
initially for their polycythemia, the 
unexpected discovery of myeloma pro- 
vides some information about the 
course of the latter disease. In Case 2, 
the patient has shown no symptoms 
which can be definitely attributed to 
tlie myeloma for 1 year since its dis- 
covery. This indicates that myeloma 
can be present in a latent state and 
this situation may well apply to the 
other cases reported here. At present, 
very little is known about this latent 
state and its duration. 

Summary. A review of tlie literature 
has revealed that there are 2 reports 
of polycythemia associated with possi- 
ble myeloma. Two cases of polycy- 
themia with Bence-Jones proteinuria 
have also been described in the litera- 
ture. 

Four cases of polycythemia and defi- 
nite myeloma are herewith reported. 
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All cases were first studied and 
followed because of their polycy- 
themia, and the myeloma was an unex- 
pected development or finding. 

Some interesting questions suggested 
by these cases are discussed: the rela- 


tion of myeloma to polycythemia and 
their etiologies; response of polyc)'the- 
mia to radioactive phosphorus; radio- 
active phosphorus as a therapeutic 
agent in myeloma, and the latent 
period of myeloma. 
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VENOUS THROMBO EMBOLIC PHENOMENA” 

THEIR ABSENCE IN PARAPLEGIC AND TETRAPLEGIC PATIENTS 
By Albert W. Cook, Lt. (j.g.) M.C., U.S.N.R. 

AND 


Harold A. LyonsI, Commander, M.C., U.S.N. 

ST. ALBANS, NEW YORK 


(From the Depiirhnents of Nenrosiirgerj' and Internal Medicine of the 
United States Naval Hospital) 


Fatal thrombo-embolic phenomena 
have been cited as some of tlie 
undesirable results of prolonged bed 
rest^'-'^”’““’“’'"®. Such studies^>^-’“^’“® , 
howe\'er, ha^'e not represented clearly 
the factor of bed rest in relation to die 
incidence of pulmonary embolizations, 
since no correlation has been made 
between both the lengdi of time of bed 
rest and that of die incidence of 
emboli in die lungs. In addition, die 
term bed rest has been used widi too 
broad a definition, and has not repre- 
sented the same situation as die term 
prolonged immobilization would imply. 
This latter phrase describes more ade- 
quately those circumstances which 
have been reported to favor the devel- 
opment of phlebodiromboses and sub- 
sequent embolic phenomena in die 
venous system. 

In the past 17 months on the neuro- 
surgical wards of the United States 
Naval Hospital, St, Albans, New York, 
there have been 45 patients, 14 of whom 
have been unable to move voluntarily 
those muscles innervated by nerve 
fibers from the low cervical, thoracic, 
lumbar, and sacral segments of their 
spinal cords. The remainder of these 
men represented instances of either 
anatomic or physiologic spinal cord 
interruptions below the cervical spinal 
cord segments. The total time in which 


their paralyzed parts had not been 
moved was 115 man-years. During 
this time they had been subjected to 
approximately 175 surgical procedures 
of various kinds, but primarily diose 
performed by die neurologic, urologic, 
and plastic surgery services. There have 
been five deaths, and post-mortem 
examinations of tissues, other dian the 
spinal cord, were carried out in four 
instances. 

Since diese patients represented in 
many respects die classical situation for 
die development of fatal pulmonary 
embolizations, it is the purpose of this 
study to evaluate the absence of these 
phenomena in these men. 

Methods of Study, Those 3 etiologic factors 
which have been reported to favor the devel- 
opment of venous Uiromboses and fatal pul- 
monary emboli were considered^s.sO; i. Blood 
factors. 2. Processes which alter the condition 
of the vein wall and retard the venous return 
to the heart from the lower extremities. 3. 
Generalized processes favoring thrombo-em- 
bolic phenomena. 

As has been noted before, the patients 
studied had either an anatomic or physi- 
ologic interruption of their spinal cords. The 
average age of the entire group was 26.1 years; 
the oldest Being 43 years and the youngest 20 
years. The determinations listed in Table 1 
were performed on a group of 15 of these 
men and were done when the following con- 
ditions prevailed: 1. Surgery had not been 
performed in the previous 7 days, 2. Penicil- 
lin, sulfonamides and streptomycin had not 


• The opinions of the authors expressed herein do not necessarily represent those of the 
Bureau of Medicine and Surgery of the Navy Department or of the Naval Service at large, 
f Instructor in Clinical Medicine, Long Island College of Medicine, Brooklyn, New York. 
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TABLE 1.— BLOOD FACTORS IN 15 PARAPLEGIC AND 
TETRAPLEGIC PATIENTS 
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tt Abnormal results such as this will be discussed in a future 
communicati on from a different standpoint. 
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been administered in tlie past 72 hours. 3. 
Fc\er was absent. 4. Vitamin “K” had not 
been given in the previous week. 

It was necessary to observe these 
precautions because of the effects of 
N^itamin “K” and drugs sucli as peni- 
cillin on the prothrombin time and 
coagulation time, respectively. Also, 
Selyo'- had shown that following cer- 
tain stimuli an alarm reaction w'as 
produced in wdiich there w'as a decrease 
in the blood clotting time and an 
increase in blood platelets. The results 
of tlie blood total protein, serum albu- 
min, and serum globulin determina- 
tions were included because of 
Quick’s’’^ opinion that tlie serum albu- 
min represented tlie normal anti- 
tlirombin of blood, and because of 
Ochsners-'’ belief that hypoprotein- 
emia and hyperglobulinemia were 
among the causes of the increased 
coagulabilit)' of blood following tissue 
trauma. 

The second and third factors were 
studied by clinical observations of 
these patients on die w'ards. 

Blood Factors. Although it was 
quite evident to us that there w'as no 
one group of determinations w'hich 
we could have made to estimate 
exactly a normal or an abnormal clot- 
ting mechanism in these patients, we 
deemed the procedures noted in Table 
1 adequate for this study. Our purpose 
in estimating these individual factors 
W'as merely to answer the question 
whether or not the blood of these men 
contained these factors in quantities 
sufficient for normal blood coagulation. 
We considered this the only accurate 
information we could gain from these 
procedures, since, we too, agree witli 
DeTakats'^ concerning the unreliability 
of these tests in establishing an 
increased blood clotting tendency. 

The results of most of the determina- 
tions were within the accepted normal 
range for the individual test. Even 
those results which were abnormal con- 


firmed tlie fact tliat the ability of tlie 
blood of these patients to clot w'as not 
subnormal. Since this w'as the case, we 
felt that the blood clotting mechanism 
in this series of patients should react 
to e.vtraneous influences in a fashion 
similar to that of other bedridden 
patients. Deitrick’s'"’ findings on immo- 
bilized nonnal young males were simi- 
lar to these results. 

Venous Flow and Vein Factohs. 
The low'er extremities of these patients 
w'ere almost constantly being subjected 
to the pressure of a bed or a wheel- 
chair. The muscles of tliese limbs were 
atrophied and extreme edema w'as 
present in some cases, suggesting the 
presence of circulatory insufficiency. 
Although no direct measurement of the 
venous blood flow in the lower extremi- 
ties of these patients was made, the 
observations of Wakim et on the 
venous blood flow in the lower extremi- 
ties of patients w'itli normal, spastic, 
and flaccid muscles amply demon- 
strated that in cases of flaccid paralyses 
there was only an insignificant increase 
in the venous blood flow when stimula- 
tion of the muscles was attempted. 
Dock”, in fact, has also observed the 
presence of organized thrombi in the 
veins of flaccid lower extremities of 
patients who have died of acute ante- 
rior poliomyelitis and presumably the 
basis of this finding was that of venous 
stasis in the flaccid muscles. These 
observations and those of Franklin”’ 
confirm the accepted opinion of the 
role of muscle contraction in returning 
venous blood to the heart from the 
lower extremities and add support to 
the suggestion that circulatory insuffi- 
ciency was present in the lower 
extremities of the patients of this 
series. 

Originally it was thought that the 
presence of intermittent and, in some 
cases, almost continuous spasms of the 
musculature in the lower extremities of 
some of these men may have prevented 
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any considerable degree of venous these men created the ideal respirator} 
stasis and, thus, have been the impor- basis for the occurrence of lethal 
tant factor in preventing thrombo- thrombo-embolic events in the venous 
embolic episodes. However, in those system. 

men in whom the spasmodic contrac- Discussion, Even though all the 
tions of the muscles in their lower aforementioned processes favoring pul- 
extremities were most severe, surgical monary embolizations have been pres- 
division of the anterior spinal nerv'e ent in these patients, no patient in this 
roots to tliese muscles was performed, series has died as a direct result of thi.s 
rendering them flaccid. Since there phenomenon. Post-mortem studies of •! 
has also been no fatal thrombo-embolic patients, also, did not reveal anv evi- 


event in these patients after their 
muscles have been flaccid, it is evident 
that the presence of spasticity of the 
muscles in the lower extremities of 
some of tliese men has little to do with 
the absence of thrombo-embolic epi- 
sodes in these instances. 

Local conditions such as those that 
have been enumerated^'”-’®-’”'-^---’'* and 
which Ferguson’^ deemed e.xceedingly 
important, must, if other ex-pressed 
views regarding i^enous thromboses are 
to be maintained, be considered favor- 
able for the development of phlcbo- 
thromboses and pulmonary emboli- 
zations. 

CENEnALizED FACTons. Tlicsc patients 
have been subjected to innumerable 
.surgical procedures which, in them- 
selves, ha\'e been reported^'’ to increase 
the coagulability of blood and, together 
with the other processes mentioned, 
.should increase the probability of fatal 
pulmonary embolizations in these 
insfance.s. It is significant also that until 
recently manv of these men received 
large quantities of analgesic and hyp- 
notic dnigs which, according to Dock'*, 
increase the probability of venous 
thromboses and pulmonary accidents in 
bed-rest patients. All those other proc- 
cssos such as repeated infections, tissue 
destruction, and general debilitation 
were also present in many cases. In 
the tetraplegic patients particularly, 
one other factor, that of the loss of the 
primary rntiscle.s of respiration, was 
present. This situation along with the 
almost consf.antly supine position of 


dence of old pulmonary' infarctions. 
However, we feel that there is still one 
factor, that of the age of these patients, 
which will reconcile tlus conflict. 

Allen' stated that 82.3% of his patients 
with venous thromboses were above the 
age of 40, and Veal and Hussey^^ found 
that 70% of their SO cases of venous 
thromboses were above 40 vears old. 
Evans'- presented a series of 52 cases of 
fatal pulmonary embolizations in which 
the greatest incidence occurred in the 
6th decade, and Carlotti et aJ? have 
demonstrated that 85.8% of their ca.scs 
of pulmonary embolism in medical 
patients at the Massachusetts General 
Hospital betss'cen the years of lO'Ifi- 
1940, and 87.4% between the years 
1941-1945, svcrc over 40 years of age. 
Linton-'', in fact, believes age to he of 
such imnortance that he ad' oeates flv 
use of Dicumarol only for the preven- 
tion of venous thromboses and pulino- 
nary' embolizations in tho.se natients in 
the older age group.s. ,Studie.s of this 
kind emphasize the importance of ag' 
in these disensos. 

In this group of patients there 
only 1 indivkhial above the age of 4ii 
(age 43), and the average age of thf 
entire series was 20.1 years. If app'-ar* 
that it is the existence of this youti^ 
as'erage age wliich accounts, in part. 
the absence of fatal pulmonary endj^di- 
/.afions in these men. Tlie report of 
rl on flie low incidence of fat-i 

fudmonary infarctions in patients v.ith 
tidierculosis at the .Sea \'iew Ifosp:t’ 
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Staten Island, New York, also tends to 
support this assumption. 

Altliough we are unable to explain 
exactly tlie role of age in thrombo- 
embolic venous processes, there is some 
evidence tliat may help resoh^e tliis 
problem. Holmgren and \’\^ilander^'*, 
utilizing tlie fact tliat heparin is 
intensely stained \\ritli toluidine blue, 
found tliat tlie granules of the mast 
cells stain precisely like heparin, thus 
indicating tliat these granules are the 
source of heparin in the body. Further- 
more, Jorpes'h citing furtlier work of 
Holmgren, states that there is a steady 
and considerable decrease in tlie num- 
ber of mast cells during the eourse of 
life. It may be speculated that it is this 
steady decrease in tlie human source of 
heparin, togetlier wuth other predispos- 
ing factors, tliat accounts for tlie occur- 
rence of thrombo-embolic phenomena 
in patients primarily over 40 years old. 

Summary and Conclusions. The ob- 
servation is made that a group of 45 
paralyzed veterans represent a total of 
115 man-years in which their lower 
extremities have not been moved vol- 


untarily. They have been subjected to 
approximately 175 surgical procedures. 
Up to the present there has been no 
death in this group from a pulmonary 
embolus. 

Data concerning the coagulation 
mechanism of the blood of these 
patients are presented and shown not 
to be consistent with the idea tliat the 
blood of these patients clots subnor- 
mall}\ Other factors producing injuiy 
to the I'ein u'alls in the lower extrem- 
ities and favoring venous stasis in these 
limbs are reviewed. 

From the data obtained we believe 
that the following conclusions are war- 
ranted: 1. The young average age of 
the patients in tliis group accounts for 
the absence of fatal pulmonary emboli- 
zations; 2. The age of bed-rest patients 
is one of the chief determinants of the 
occurrence of lethal tlirombo-embolic 
phenomena; 3. The basis for the influ- 
ence of advancing age on the incidence 
of thrombo-embolisms may be, in part, 
the concomitant decrease in the human 
source of heparin, the mast cells. 


REFERENCES 


1. Allen, A. W,, Linton, R. R., and Donaldson, G. A.: J. Am. Med. A.ssn., 133, 1268, 1947. 

2. Avcock, T. B., and Hendrick, J. W.: ibid., 133, 1258, 1947. 

3. Carlotli, J., Hardy, I. B., Jr., Linton, R. R., and White, P. D.: ibid., 134, 1447, 1947. 

4. Cohnheim, J.; Lectures on General Pathology, Translated from the 2nd German Edition 
by A. B. McKee, London, New Sydenham Society, 1889. 

5. Deitrick, J. E., Whedon, G. D., and Shorr, E.: Am. J. Med., 4, 3, 1948. 

6. Department of Hematology, Manual of Hematology, U. S. Naval Medical Center, 
Bethesda, Maryland, 1945. 

7. DeTakals, G.: Surg., Gynec. and Obst., 77, 31, 1943. 

8. Doek,W.:J. Am. Med. Assn., 125, 1083, 1944. 

9. Dock, W.: Connecticut Med. J., 11, 606, 1947. 

10. Dock, W.: Surg. Clin. N. Am., 25, 4-37, 194.5. 

11. Dock, W,: Personal Communication. 

12. Evans, J. A., and Bailer, R. J.: New England J. Med., 236, 392, 1947. 

13. Ferguson, J. H.: Am. J. Med., 3, 67, 1947 

14. Fox, T. T., Robitzek, E. H., Bernstein, I., and Bobb, A. L.: Am. Rev. Tuberc., 57, 485, 
1948. 



IGO 


COOK, LYONS: VENOUS THROSfBO-EMBOLIC PHENOMENA 


15. Franklin, K. J.: A Monograph on Veins, Springfield, 111., 1st ed., Charles C Thonu'; 
1937. 

16. Frykholm, R.: Surg., Gynec. and Obst., 71, 307, 1940. 

17. Gay, J. G., and Proctor, W. H.; J. Med. Assn., Georgia, 1, 33, 1946. 

18. Hawk, P. B,, and Bergeim, O.: Practical Physiological Chemistry, 11th ed., Philadelplii.i, 
Blakiston, 1944. 

19. Holmgren, H., and Wilander, O.: Ztschr. Mikrosk. Anat. Forsch., 42, 242, 1037. 

20. Hudson, F. E.: Te.xas State J. Med., 33, 498, 1937. 

21. Jorpes, J. E.: Ann. Int. Med., 27, 361, 1947. 

22. Kirby, C. K.: Surg. Clin. N. Am., 26, 1389, 1946. 

23. Kolmer, J. A., and Boemer, F.; Approved Laboratorj- Technic, 4th ed., New York, 
Appleton-Centiuy, 1943. 

24. Lam, C. R., and Hooker, D. H.: Ann. Surg., 123, 22, 1946. 

25. Lcithauser, D. J.: Early Ambulation, 1st ed., Springfield, 111., Charles C Thomas, 19-10. 

26. Linton, R. R.: Connecticut Med. J., 9, 235, 1945. 

27. Mazzei, E. S., et al.t Pulmonary Embolism, Pathogenesis of Emboli from Throin1)n- 
phlebitis to Phlebothrombosis, Prensa med. de Argent., 33, 2527, 1946. 

28. Neuhof, H.: Venous Thrombosis and Pulmonary Embolism, 1st ed.. New York, Gniiie fc 
Stratton, 1948. 

29. Ochsner, A.: Surgery, 17, 240, 1945. 

30. Ochsner, A.: J. Am. Med. Assn., 132, 827, 1946. 

31. Quick, A. J.: The Hemorrhagic Diseases, 1st ed., Springfield, 111., Charles C Tlionus, 
1942. 

32. Seylc, H.: Te.xtbook of Endocrinology, 1st ed., Montreal, Acta Endocrinologica Uiii- 
versite de Montreal, 1947. 

33. Veal, J. R., and Hussey, H. H.: Surgery, 17, 218, 1945. 

34. Wakim, K. G., Terrier, J. C., Elkins, E. C., and Krusen, F. II.: Am, J. Physiol., 153, 
J83, 1948. 



EXPERIENCES WITH II6 JUVENILE CAMPERS IN A NEW SUMMER 

CAMP FOR DIABETIC BOYS 


By A. J. Gabriele, M.D. 

SENIOR FELLOW LV MEDICINE 
AND 

Alexander Marble, M.D. 

INSTRUCTOR IN MEDICINE. HARVARD MEDICAL SCHOOL; 
PHYSICIAN, NEW ENGLAND DEACONESS HOSPITAL 
BOSTON, MASSACHUSETTS 

(From tlie George F. Baker Clinic, EllioU P. Joslin, M.D., Medical 
Director, New England Deaconess Hospital) 


The present report summarizes ex- 
periences and clinical findings witli 116 
diabetic boys cared for in the newly 
opened Elliott P. Joslin Camp in the 
towm of Charlton, Massachusetts. Al- 
tliough physicians of tlie George F. 
Baker Clinic in Boston have for 18 
years sponsored the Clara Barton 
Birtliplace Camp for Diabetic Girls in 
North Oxford, Massachusetts, and 
sporadically have sponsored summer 
camps for boys at various other loca- 
tions, this was tlie first year that a per- 
manent camp had been established for 
boys. Like tlie Clara Barton Birthplace 
Camp, it is operated by die Association 
of Universalist Women of America. 

Tlie camp is run as a non-profit or- 
ganization with fees for campers in 
1948 ranging from $0 to $5 per day 
depending upon the statement of the 
parents as to their ability to pay. No 
additional charge was made for insulin 
or for medical and nursing care. 

The camp site occupies some 65 
acres of hilly, wooded land about 50 
miles from Boston and 12 miles from 
Worcester. It includes a small lake of 
about 15 acres. Beginning in Septem- 
ber, 1947, construction of buildings 
was started and at the time of the 
opening of camp on June 26, 1948, 7 
campers’ cabins, a cooks’ cabin, a 
dining hall, administration building, 


laboratory and infirmary were avail- 
able for occupancy. The campers’ ca- 
bins were arranged on a hillside over- 
looking die lake; each accommodated 8 
boys and 2 counselors. The boys were 
arranged in cabins according to age. 
Personnel included a director, busi- 
ness manager, 14 counselors, 2 cooks 
and 2 assistants, 3 laboratoiy techni- 
cians, one resident physician and 2 
graduate nurses. 

The infirmary included quarters for 
the resident physician and family, 2 
nurses, a central office and accom- 
modations for 5 patients in 4 rooms. 
Only patients with minor illnesses 
were kept in the infirmary; odiers were 
transferred to the New England Dea- 
coness Hospital in Boston. The labora- 
tory building is made of brick with 
concrete flooring so that it is possible 
to use apparatus such as the photo- 
electric colorimeter and microscope as 
in the usual laboratory. Facilities were 
available for the determination of 
sugar in the urine and blood as well 
as for the routine analysis of urine and 
simple blood studies, such as hemo- 
globin and blood counts. 

Camp Routine and Program. Non- 
medical. The camp routine was made 
to conform as nearly as could be to 
that of the average summer camp for 
boys. From 7:00 a. m. to 9:00 p. m. a 

( 161 ) 
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program was arranged that included 
in the morning, afternoon and evening, 
periods of active exercise, such as land 
sports, swimming instruction and boat- 
ing, and less active periods such as 
shop work, crafts, nature study, arch- 
ery, dramatics and music. The time of 
the active periods was varied, depend- 
ing upon the type of insulin being 
used, so as to decrease both glycosuria 
and insulin reactions as far as possible. 

Medical. Every effort was made to 
treat the diabetic condition as well as 
or better tlian under hospital condi- 
tions. All food was weighed using 
gram scales. The 24 hour amount 
quantity of urine was measured daily 
and the percentage of sugar deter- 
mined by the Exton modification- of 
the Sumner" reagent for the estima- 
tion of urine sugar adapted for use 
with the photoelectric colorimeter. In 
addition, specimens of urine were test- 
ed qualitatively for sugar at 7:1.5 and 
11:15 a. m. and at 4:15 and S:00 p. m. 
Capillar)' blood sugar determinations 
were made on each boy twice weekly; 
on half the group this was done on 
Monday and Thursday and the other 
half on Tuesday and Friday. The 
method of Folin^ adapted for use with 
the photoelectric colorimeter was used. 
During the camp stay a complete phy- 
sical examination and a complete 
anaylsis of urine were made and the 
blood hemoglobin and red blood count 
determined. Other special studies 
which were carried out will be de- 
•scribed later. 

Except on the morning on which 
blood sugar determinations were made, 
campers were given, routinely. 100 gm. 
of orange juice on arising, following 
which insulin was administered by one 
of the nurses. On davs on which blood 
sugar determinations were made, these 
were taken on arising, following which 
orange juice and insulin were given. 
Between meal feedings were given in 


tlie forenoon, afternoon and at bedtime. 
The exact time and amount of these 
lunches was varied depending upon the 
type of insulin being used. Thus, when 
a combination of crystalline and pro- 
tamine zinc insulin was given, be- 
tween meal feedings consisted usually 
of 2 crackers (each 2)2 inches square) 
at 10:00 a. m. and 8:00 p. m. and 1 such 
cracker at 2:00 and 4:00 p. m. As will 
later be brought out when NPH-50 
insulin was used, it was usually found 
best to omit the forenoon lunch and to 
increase the bedtime lunch so that with 
.some campers the latter included -1 
crackers, 180 to 240 gm. of milk and 30 
gm. of cheese. 

Summary' of Data Regarding Camp- 
ers, In all, 116 diabetic boys (1 camp- 
er did not require insulin) were ac- 
commodated at the camp for pcn'od« 
ranging from 1 to 8 weeks. Of the total 
number, 2 boys remained for 1 week; 
27 for 2 weeks; 1 for 3 weeks; 73 for 
4 weeks; 1 for 5 weeks; 5 for 6 weeks; 
and 7 for 8 weeks. Table 1 gives gen- 
eral data regarding the ages of the 
boys, duration of diabetes, total insulin 
dose on admission and discharge, and 
diet on admission and discharge. 

It w'ill be noted that there were 5 
campers below the age of 5 years. Al- 
though they did surprisingly well in 
camp, the general consensus was that 
thev were .scarcely mature enough m 
receive llic maximum benefit from 
camp. 

Most of the campers were from 
Massachusetts, but 14 slates in all v.erc 
rc-presented and one of tlic iioys listed 
in the accompanying fable as frmn 
New York actually was from Argcntin' 
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Analysis of Home Treatment 
' Prior to Gamp Stay*. Since many of 
boys arrix'ed at camp sho\\'ing much 
sugar in tlie urine and even diaeelie 
aeid, it w'as thought wortli while to at- 
tempt to gain some idea as to the ade- 
quaey of treatment under liome eondi- 
tions. In 41 of tlie 116 boys, tlie first 
overnight quantity of urine eontained 
more than 2% sugar and in 16 instances 
gave a positive test for diacetic acid. 
An even greater number, 23, showed 
diacetic acid in the first complete 24 
hour amount collection. 

A detailed, yet simple, questionnaire 
was filled out under the physician’s 
superwsion regarding usual care of tlie 
diabetic condition at home. In all, S3 
boy completed questionnaires. The in- 
formation obtained may be summarized 
as follows, 

Diet. Of the 83 campers, 32 stated 
that tliey weighed their food, whereas 
22 said that household measures were 
used. Twenty-four merely approximat- 
ed the amount of food taken but only 
3 admitted tliat tliey ate freely. These 
statements from tlie boys themselves 
as to care in diet would be heartening 
if it were not for die fact that 51 stated 
that in addition to dieir regular diet 
they frequently took additional food 
which in the case of some of die camp- 
ers amounted to a remarkable increase 
in diet. In answer to die question “Do 
you follow your diet?” 35 responded in 
the negative and an additional 16 
stated that they frequentiy broke their 
diet. Thus, from the testimony of the 
campers themselves, a total of 51 
( 61% ) did not follow dieir diet regular- 
ly at home. 

Insulin. Sixty-six campers stated that 
they knew how to give insulin but only 
27 of the 83 said diat they usually gave 
it to themelves alone or under super- 
vision. Seventeen of the 83 gave it to 
themselves part of the time. Forty of 
the 83 did not give any supplementary 
insulin if tests were bad. 
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diet arising from carbohydrate, protein 
and fat sources, the wastage of sugar 
was on tlie average less tlian 3 to 4%. 

The healtli and vigor of tlie campers 
was in general at a high level, at least 
equalling tliat of non-diabetic boys of 
comparable age. As a gross index of 
diis, one may cite the fact tliat in base- 
ball games wtli neighboring camps 
(non-diabetic), 4 of tlie 5 games were 
won by tlie diabetic boys; the only 
swdmming meet and botli of two track 
meets were won by tlie diabetic boys. 

From die summary' of heights and 
weights of boys in Table 2 it is obvious 
that diey compare favorably witii fig- 
ures of normal standards.^ In fact, al- 
most vdthout exception the diabetic 
boys were taller and heavier than e.x- 
pected from normal standards. Al- 
though weight gain during the camp 
season was negligible, it must be point- 
ed out diat the boys lived during dieir 
period of 2 to 4 weeks under conditions 
of fairly strenuous activity. 

Diet. As shown in Table 1, the aver- 
age diet at discharge ranged from 165 
gm. of carbohydrate daily for patients 
from 3 to 4.9 years of age to ^6 gm. 
in patients from 14 to 16.3 years. Cor- 
responding figures for protein and fat 
were 78 to 134 gm., and 81 to 126 gm., 
respectively. The caloric content of the 
diet ranged from 1701 for the younger 
group to 2614 for the older group. The 
lowest diet in the camp was carbo- 
hydrate 150, protein 77, and fat 77 gm., 
and the highest diet was carbohydrate 
253, protein 154, and fat 143 gm. These 
discharge diets varied somewhat from 
the diets during the camp stay, al- 
though not greatly so. It was early 
found certain increases would be im- 
perative from previously set levels in 
order to satisfy requirements of ap- 
petite and energy expenditure. The 
carbohydrate content of the diet was 
distributed about equally among the 
3 main meals. Between meal feedings 
were given as previously described. 


hisulin. \¥ith few exceptions, boys 
on entrance to camp were first treated 
witli crystalline and protamine zinc 
insulin by separate injection in the 
morning before breakfast. Only rarely 
was supplementary crystalline insulin 
given before tlie noon and evening 
meal. Following initial adjustment and 
accumulation of basic data, the camp- 
ers were tlien shifted to a new modified 
protamine insulin (Eli Lilly and Com- 
pany, NPH-50),'’ or to a combination 
of crystalline and globin insulin witli 
zinc given by separate injection before 
breaHast. Witli 34 campers enough 
time was available to permit return to 
tlie program of crystalline and prota- 
mine zinc insulin and then another 
study period on tlie insulin under in- 
vestigation. 

The results of the special insulin 
studies have been made the subject of 
a separate communication"* and will 
not be given in- detail here. However, 
it is appropriate to state that the NPH- 
50 insulin gave promising results and 
ivitli almost all campers it was possible 
to achieve as good or better control 
with a single dose of this type of insulin 
as with the combination of crystalline 
and protamine zinc insulin. In a num- 
ber of instances it was possible to use an 
appreciably smaller dose of NPH-50 
than the total dose of the other 2 varie- 
ties. With the relatively few campers 
with whom globin insulin with zinc 
( Lilly ) was given, the results were not 
unfavorable. However, in no instance 
could it be said that the results obtain- 
ed were better' than with other pro- 
grams. With the most severe diabetics, 
the length of action of globin insulin 
with zinc did not seem long enough to 
provide a satisfactory fasting blood 
sugar. 

Exercise. If, prior to the camp ex- 
'perience, there had been any doubt 
in the minds of medical attendants as 
to the remarkable effect of physical 
exercise upon the blood sugar of pa- 
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round, deep liemorrhages in one eye 
only, Anotlier, aged 9.9 years, a known 
diabetic for one year, had 10 small, 
wax)' exudates near the macula of one 
eye only; tliere were no hemorrhages 
in either eye. The tliird boy, aged 15.5 
years, a diabetic for SM )'ears, had 6 or 
more deep, round hemorrhages in each 
macular region and several hemor- 
rhages in tlie nerve-fibre la)'ers and 
exudates in botli eyes. No definite evi- 
dence of arteriosclerosis was seen in 
the fundi of any of the boys in this 
group. Two boys had bilateral nuclear 
lens opacities probabl)' of congenital 
origin.” 

The visual acuity of the campers was 
estimated by tlie use of Snellen test 
charts in 84 of tlie boys. Vision proved 
to be as good as 20/30 or better in both 
eyes in all, vutlr the exception of 11 
boys in whom tlie vision in one or both 
eyes was 20/40 or 20/50 and in 3 in- 
stances less dian 20/50, 

Teeth. The teeth of certain of tlie 
campers were examined under tlie 
supervision of Dr, Harold A. Kent of 
Boston to whom we are indebted for 
the follo\ving summar)'.* “In a study of 
52 boys behveen the ages of 7 and 16 
(a high caries susceptibility period) 7 
( about 137o ) had no fillings or cavities, 
nor had they lost any teeth due to den- 
tal decay. These ages were grouped in 
order to study the permanent teeth and 
their carles susceptibility; in die entire 
52, no permanent teeth were lost be- 
cause of extensive caries. Diabetes had 
been discovered between 1 and 9 years 
of age or before many of the perma- 
nent teeth had erupted. In another 
group of 13 patients between the ages 
of 3 and 7, the deciduous teeth in 
•12 patients were free from dental 
caries. These findings help to sub- 
stantiate the statement that if the on- 
set of diabetes occurs before 9 years 
of age there is a very good chance that 
these patients can retain their teeth 
and have healthy mouths during the 


high caries susceptibility ages of 3 
to 16, As far as could be determined 
all patients studied had die average 
professional attention; that is, some 
were seen regularly by dieir dentist, 
odiers were not” 

Roentgenological Studies. Because of 
the well recognized high incidence of 
arteriosclerosis in diabetics of long 
standing, it was diought worth while to 
check roentgenologically those campers 
whose diabetes was of long duration. 
In die first half of camp diose whose 
diabetes was of 7 or more years’ dura- 
tion were studies with Roentgen rays of 
die chest, pelvis and legs, widi special 
technique to bring out slight evidences 
of arteriosclerosis. Nine such patients 
were studied with entirely negative 
results. Consequently, in the latter 
half of camp only diose patients with 
diabetes of 10 or more years’ duration 
were studied in this way. Four campers 
widi duration of diabetes averaging 
10.1 years had Roentgen ray examina- 
tion, In none of these was there any 
evidence of arteriosclerosis. 

These findings bear out die general 
experience that in the present day with 
only moderately good control of dia- 
betes, arteriosclerosis does not begin 
to appear in demonstrable form until 
more dian 10 years have elapsed and 
usually not until 15 or 20 years have 
gone by. 

Capillary Fragility. Tests of capillary 
fragility were carried out in 112 camp- 
ers. Two techniques were employed. In 
one the blood pressure cuff applied to 
the upper arm was kept at the level of 
diastolic blood pressure of the camper 
for a period of 4 minutes. At the end 
of that time, the number of petechiae 
was counted in a circle 6 cm. in diam- 
eter below the antecubital space. Em- 
ploying this procedure essentially nega- 
tive findings (12 petechiae or less) 
were secured, with one exception. In 
one camper 35 petechiae were noted. 
Two other campers had 8 petechiae, 
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which is within the normal range, and 
all others had 4 or less. Most of the 
boys showed no petechiae. 

A second technique was carried out 
in all by inflating the cuff uniformly to 
80 mm. Hg. and maintaining this pres- 
sure for 4 minutes. The camper show- 
ing 33 petechiae by the first technique 
likewise showed 35 petechiae by the 
second method. One of those showing 
S by the first method showed 26 by the 
second and the other showed 8. By the 
second method there was a small group 
with petechiae above 12 in number; 
these comprised one with 20; one with 
16: one with 13; 3 with 14; and tsvo 
\v'ith 13. 

With diabedc patients in general it 
has been found that in those with 
retinitis there is almost invariably an 
abnormal capillars' fragility.'’* Tliis did 
not pros'c to be the case in the group in 
question. Although it is tnie that the 
one patient showing 33 petechiae had 
retinal hemorrhages and the one .show- 
ing 8 petechiae showed 4 or 3 small 
hemorrhages in one eye, no other pa- 
tient shosved retinal hemorrhages. Con- 
sequently, the incidence of retina! 
hemorrhages in this group of patients 
was small indeed. 

Patch Tests. ^V)!!mcr patch tests for 
t;tberculosis (old tuberculin) were 
carried out in all patients. Patches were 
allowed to remain 4S hours and read- 
ings made at the time of removal and 
.again in 4S hours after removal. .Ml 
tests were negative. 

Special Blood Sttidics. Determina- 
tions of total scrum protein were made 
in 89 campers. In none of these was 
th- value b'’low 5.9 gm. per 100 cc. In 
87 caces the value lav between 6 and 
8 gm.. with an average of 7.1 gm. 
.8enim albumin in 89 campers showed 
\ aloes rnneing between 3.0 to ,3.6, with 
an as'erage of 4 38 gm. per 10^) cc. 
Valttes for serum gfolmlin were afiove 
3 2 giu. in 2 cases and rarmed from 
1.3 to 3.2 gm. in S6 campers. Tne aver- 


age for the entire group was 2.51 gm 
The albumin : globulin ratio was be- 
low 1.5 in 14 cases, between 1.5 and 
2.5 in 72, and tbove 2.5 in 3 cases villi 
an average of 1.84 gm. for the entire 
group. 

The average value for plasma choles- 
terol was 193 mg. per 100 cc. for ST 
campers. Included in this group were 4 
with values under 140 mg.; 41 with val- 
ues betrt'een 140 and 200 mg.; 37 be- 
tss'een 200 and 250 mg.; and 5, 250 mg. 
or more. Of 5 campers with values of 
250 mg. or over, 2 had values of 250 
mg., one 270 mg., one 276 mg., and one 
312 mg. It was of interest that only one 
of the 5 appeared to bo under poor con- 
trol on entrance to camp and that only 
one had been on a diet providing, as 
prescribed, more than 100 gm. of fat 
a day. 

Lipochjstwpluj due in Inwlin. .Ml 
campers were e.xamincd carefnilv for 
evidences of lipodystrophy due to in- 
sulin. A total of 49 were found to lia\e 
insulin atrophies; these represented 
42.6'ie of 1 15 campers who were rcceis - 
ing insulin. Twenty-five had atrophies 
in the upper extremities and 39 in the 
thighs and buttocks. Included in this 
group were 15 who had atrophies in 
both the arms and the legs. Tlie inci- 
dence of insulin atrophy svas liigher in 
the younger patients and amounted to 
437r of the patients under 11.9 years. 

The finding of hvpertrophv of fat 
at the site of insulin inicctions w.as 
found in 42 or 6G.5Tr of the campers 
Of these, areas of hypertrophy o<'- 
cairrcd in 32 c.ampers in the arms and 
23 in the legs, and included in fb'' 
total group were 13 with such areas in 
both arms and legs. 

Certain oilier c-arnpers sliov.ed lo 
a greater or lesser degree (Ik- third (O'l- 
difion which is frequently seen v.iu'i 
insulin is given day after rlav in tl 
s.arne area, namely that of Inrihae'- 
skin nnrl siilKiitaneous tissue appir’ 
enflv due {fj infdtratinri svith sr-ar fi'- 
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Distinctive Features. Attempts were 
made from records of past histor}' and 
examinations and from careful camp 
studies to tabulate distinctive features 
among the group. Of the 116 campers, 
23 gave a historj' of one or more attacks 
of diabetic coma in tlie past, 6 had a 
histor)^ of epilepsy, and in 5 of these so 
studied, electroencephalographic trac- 
ings were characteristic of this disease; 
5 were under medication for such with 
phenobarbital and dilantin. From past 
records tliere was CAudence that 43 had 
had a palpable liver at some time or 
otlier in tlie past and in the examina- 
tions at camp a total of 16 were found 
to have a liver that descended on in- 
spiration to from being barely palpable 
to 2 finger breadths below the costal 
margin. In only one camper could the 
spleen be felt. This camper, a boy of 
S.S years with diabetes of 6.1 years’ 
duration, also had a palpable liver and 
4 or 5 retinal hemorrhages in one eye. 

Discussion. Observation of this group 
of diabetic boys left no doubt as to the 
great benefit of summer camp exper- 
ience to the children. Furthermore, the 
period at camp is one of benefit for 
the parents. The stay provides as good 
or even better opportunity for reevalu- 
ation and regulation of the diabetic 
condition as study in a hospital. In 
addition, tlie diabetic camp affords op- 
portunity for the trial of new methods 
of treatment under controlled condi- 
tions. Camp life allows for control of 
the influencing factors of diet, insulin 
and exercise to a degree rarely possible 
in home or even hospital environment. 

Much has been said and written re- 
cently regarding the complications, 
chiefly vascular in nature, which may 
beset the diabetic and particularly 
those whose disease has been poorly 
controlled. One may wonder, there- 
fore, why in this group of patients, 
complications were relatively infre- 
quent. It must be pointed out that in 
no case was the duration of diabetes 


greater than 12.4 years and then even 
in tlie 12 to 16 year old group, the aver- 
age duration of the disease was only 
5.5 years or less. Hence tliese patients 
have as yet not had their disease long 
enough to develop degenerative com- 
plications to a degree recognizable 
clinically. This is tlie challenge, then, 
presented to all physicians and other 
workers in the field: to devise methods 
of treatment which oi'er 15, 20 or more 
years of time will protect diabetics 
from the late complications. Tlie camp 
experience reported in this paper dem- 
onstrates clearly that if conditions ap- 
proaching the ideal are provided, dia- 
betes even in the juvenile patient can 
be well controlled. It is not unreason- 
able to postulate or to hope that if 
such good control could be consistently 
maintained, degenerative processes 
might be avoided or at least greatly 
delayed. 

Summary and Conclusions. 1. Clini- 
cal e.xperiences in a new summer camp 
for diabetic boys togetlier with a sum- 
mary of findings in 116 campers are re- 
ported. 

2. Ages ranged from 3.3 to 16.3 years 
and duration of diabetes from 0.3 to 
12.4 years. 

3. Analysis of home treatment prior 
to camp stay indicated that in most in- 
stances care in diabetes control left 
much to be desired and tests in more 
than one-third of tlie boys on admission 
indicated laxity in home treatment. 

4. The general health and vigor of 
the diabetic boys compared favorably 
with that of non-diabetic boys of com- 
parable ages. 

5. Almost without exception the 
heights and weights of diabetic boys 
were greater than figures given in 
standard tables for non-diabetic boys 
of comparable ages. 

6. With oare as to regulation of diet 
and physical activity it was found that 
with a single daily injection of a new 
modified protamine insulin (NPH-50- 
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Lilly), as good or better control of 
hyperglycemia and glycosuria was pos- 
sible in most campers than with a com- 
bination of unmodified and protamine 
zinc insulin given by separate injection. 

7. Results with globin insulin %vith 
zinc given in combination %vith un- 
modified insulin by separate injection 
were not unfavorable, except that in 
patients \vith severe diabetes the 
length of action of globin insulin with 
zinc did not extend sufficiently through 
the 24 hour period to prevent elevation 
of the fasting blood sugar. 

8. The camp experience gave in- 
creased emphasis to tlie blood-sugar- 
lowering effect of physical activit}' 
when combined with an adequate 
amount of insulin. 

9. Although careful attempts were 
made to prevent hypoglycemic reac- 
tions. their complete avoidance was 
found impossible when meticulous 
control of the diabetic condition was 
sought. Howe\'cr, vciy' few severe reac- 
tions were encountered. 

10. Funduscopic examination revealed 
only 3 boys with hemorrhages and e.xu- 
date.s. Tlie duration of diabetes in these 
3 campers was 8,6, 6 and 1 year, re- 
spectively. Tlie boy with duration of 
1 year was 9.9 years of age. In this case, 
only exudates and no hemorrhages 
were present; the exudates may well 
not be of diabetic origin. 

11. Careful e.xarnination of the teeth 
showed no .significant increase in caries 
o\er that which might be expected 
among bov.s in the general population. 

12. In a study of 9 campers with 
diabetes of 7 or more years’ duration, 
and of an additional 4 with diabetes of 
10 or more vears’ duration, no evidenc<' 
of arterifjsclerosis was found by roent- 
genographie examinations of the chest, 
pehis and legs. 


13. Tests of capillary fragilit}' gave 
findings xxathin normal limits in alt but 
7 of 112 campers. However, in onlv 3 
campers was the index of capillaiy fm- 
gility appreciably elevated. 

14. Vollmer patch tests for tubercu- 
losis were negative in all instances. 

15. In none of 89 campers was the 
value for total serum protein below 5.9 
gm. per 100 cc. and in 87 cases the 
values lay between 6 and 8 gm. Tlie 
average value for blood cholesterol was 
195 mg. per 100 cc. for 87 campers and 
only in 5 instances was a value of 250 
mg. or greater found. 

16. Of the 115 campers recehing in- 
sulin, 49 showed cv'idences of atrophy 
of subcutaneous fat and some 42 
showed areas of hypertrophy of fat. 
Atrophy xxms most frequent in the 
lower age groups. 

17. Txx’enty-three of the 116 campers 
gave a histor}' of 1 or more attacks of 
cliabctic coma in the past. Six had a 
history of epilep.sy and in 5 of these .so 
studied, electrocncephalographic (rac- 
ings xx'cre consistent with this discaw. 
Although in 43 campers past records in- 
dicated a palpable lix'cr at one time or 
other in the past, no instances of sig- 
nificant hepatomegaly were found at 
this time, although in 16 instances the 
lix'cr could be felt; in only one catnpef 
could the spleen be felt. 

18. The experience demonstrated 
again the great value of summer cainp^ 
both for campers and for their parents 
Tlic summer camp is a valuable ad- 
junct in (he treatment of diabetit 
children. It provides opportunity for e'- 
ex-aluation and regulation of the <!iv 
betic condition, for the inx'estigatiori << 
new and promising therapetitie rn'eis- 
ures and for education of diaiy.''-'- 
cbildren. 
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The irregular disappearance of tlie 
subcutaneous fat in some diabetics who 
receive insulin is a disturbing and as 
yet une.\plained phenomenon associat- 
ed with the therapeutic use of the hor- 
mone. This t)'pe of disfigurement has 
been noted in 20 to 302 of the patients 
treated with insulin. It occurs more 
frequently in women and children than 
in men and, in many instances, is a 
cause of much concern, if not actual 
mental anguish, on the part of tlic pa- 
tients or their relatives. 

Clinical Data. In 1926, four years 
after the introduction of insulin for the 
treatment of diabetes mellitus, Depisch* 
and Barborka^ reported the first cases 
of insulin fat atrophy. Subsequently, 
clinical .surveys of the condition have 
been made by Fisclier^, Dcpiscli'*, Ros- 
enberg and Berliner’* and Alpert and 
Ferguson’. 

Marble and Smith” obsersed fat 
atrophy in 18.97 of 500 unsclected dia- 
betics %vho had received insulin for G 
months or longer. Tliey found no in- 
stance of the abnormality in males over 
20 years of age, but .-Mpert and Fergu- 
son’ recorded 7 mf'n in this age cafe- 
gorv in a series of 32 insulin-treated 
di.dH tirs who e.xhihited fat atropliy. 
Tie- data of Marble and Smith” re- 
’.e.ih-d also that the female patients 
'.\)th fat atrophy outnumbered the 
males ap[)rotirnafeIy 7 to 1. 

I'snallv lie- anatomical regions in- 
Milsed in tie- atrophic process corre- 
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spend with those into which the insulin 
has been injected but rare examples 
have been reported in which the atro- 
phy occurred at sites remote from those 
of the actual injection of the insti- 
jjpS.io.ii Except for one instance men- 
tioned by Blotner^, all the recorded 
cases of insulin fat atrophy have been 
in diabetic patients. 

Our e.vpcrience with insulin fat atro- 
phy, as encountered clinically, has co- 
incided in most respects with that of 
other writers. The general incidence, 
however, has been somewhat higher 
than tliat shown in the majority of the 
reported series, in that 317 of our dia- 
betic patients who had received insidin 
for 6 months or longer showed more or 
less evidence of the abnormality. No 
correlation was apparent between the 
incidence and the degree of fat atrophy 
and the body weight, the general state 
of nutrition, the length of existence of 
the diabetes, the duration of the insidin 
therapy or the dosage. 

Etioi/xucal CoNsmrJUTiONS. Var- 
ious theories fiave fieen propounded to 
explain insulin fat atrophy. Marbh- and 
•Smith” found a significantly high'-r in- 
cidence of so-c-ailed alh-rgic- disord- r-- 
in tin- p.atjr-nls with atrophy th.ui in 
tho-.'- without tin's complieatiori ho' 
th'-re is no proof that tin- atrophy i'- e- 
lln- nature of an alh-rgic pln-iionn-no'; 
Tin- ncifi re.ir tion of crystalline ircin'i 
fpn 3.0/ has been suggeste/! as a pe- 
sibh- rau'e of tin- drord'U. .Nirne !i '' 
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condition is associated wdth tlie use of 
protamine zinc insulin (pH 7.3) this 
implication is scarcely tenable. Car- 
michael and Graham'’ expressed the 
opinion tliat a lipolytic enzyme in the 
preparations of insulin might be of etio- 
logical importance. Rabinowitch^''', 
however, was unable to demonstrate 
the presence of a lipolytic enzyme in 
commercial insulin. Priesel and Wag- 
ner’^ suggested tliat tricresol, used as a 
preservative in the insulin preparations, 
might be the responsible factor. De- 
pisch® discounted this possibility since 
he was unable to induce fat atrophy by 
the injection of aqua cresijlata in a pa- 
tient readily affected by insulin. 

There has been some dispute as to 
whether or not the trauma occasioned 


rats made diabetic by partial pancrea- 
tectomy, Apparently, tlie mechanical 
effect of tlie injections was not con- 
trolled in their experiments by tlie ad- 
ministi'ation of an innocuous solution 
into fat pads which did not receive 
insulin. 

Experimental, 1. Animal Experi- 
ments. In order to confirm the find- 
ings of Marble and Smith^'^, an attempt 
was made to induce fat atrophy in a 
small group of female rats. Four ani- 
mals, rendered diabetic by means of 
alloxan (200 mg. per kg. of body weight 
subcutaneously), and 3 normal animals 
were given daily injections of insulin 
into the fat pad in tlie right groin of 
each animal and of an equal volume of 
physiological saline solution into the 


TABLE l.-ANALYSIS OF FAT PADS FROM DIABETIC AND CONTROL RATS 




Side injected 



Side injected 




with insulin 

Wt. of 


with saline solution 

Wt. of 


Wt. of 

Drj' wt. 

cthcr- 

Wt. of 

Dry wt. 

ether- 


fresh 

of 

soluhlc 

fresh 

of 

soluble 


fnt pnd 

fat pnd 

mntcrial 

fnt pad 

fnt pnd 

material 

No. 

(Sm.) 

(Sm.) 

(Rtn.) 

(Sm.) 

(Rm.) 

(gm-) 

1 

0.830 

0.624 

0.542 

0.774 

0..594 

0.528 

2 

1.131 

0.678 

0.520 

0.792 

0.597 

0.510 

3 

0.56.5 

0.349 

0.279 

0.494 

0.254 

0.197 

4 

0.412 

0.216 

0.149 

0.336 

0.173 

0.123 

5 

1.397 

1.091 

1.000 

1.453 

1.116 

0.999 

6 

1.346 

1.015 

0.921 

1.511 

1.099 

0.933 

7 

1.637 

1.262 

1.077 

1.630 

1.270 

1.097 


by tlie repeated injections of insulin 
may be tlie cause of the abnormality. 
This is improbable since the fat atrophy 
which occurs in narcotic addicts is pri- 
marily inflammatory in nature accord- 
ing to Mentzer and DuBray^^; whereas 
the histological picture in insulin lipo- 
dystrophy includes little, if any, evi- 
dence of inflammatory reaction (Ment- 
zer and DuBray^^; Price^®). 

In an experimental approach to the 
elucidation of the problem. Marble and 
Smith^^ described the production of fat 
atrophy by the injection of insulin into 
the fat pads in the lower portions of 
the abdomens and the ^xillae of 4 male 


corresponding fat pad on tlie opposite 
side. After a period of 3 months, the 
fat pads were dissected out and 
weighed. A small portion of the adi- 
pose tissue, of known weight, was re- 
moved for histological examination. 
The remainder was dried to a constant 
weight, extracted with dry diethyl 
ether and, after evaporation of this sol- 
vent, the ether-soluble material was 
weighed. 

In contrast with the data presented 
by Marble and Smith’^^, no fat atrophy 
was obvious by this method of assay at 
the sites of the insulin injections. In- 
deed, in 2 of the rats there was actually 
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slightly more fat demonstrated on the 
side which received the insulin than on 
the control side which received the 
saline solution (Table 1). Tlie compar- 
ison to be noted is between the data 
pertaining to the fat pads on the two 
sides of each animal. The smaller 
amount of fat in the diabetic rats, as 
compared with that in the normal con- 
trols, was related, no doubt, to the gen- 
eral weight loss associated with tlie 
diabetic state. 

The e.xperimental conditions de- 
scribed here differed from those in 
Marble and SmithV^ e-xperiments in 
that tlie diabetes was produced by 
alloxan rather than by pancreatectomy; 


female rats were used instead of maks 
and the possible effect of trauma was 
controlled b)’ the injection of isotonic- 
saline solution into the corresponding 
fat pads on the opposite side of tlu- 
animals. 

In \dew of the une.xpccted and con- 
flicting results, additional e.\pcriment.> 
were undertaken to determine whether 
the sex of tlie animals or other observ- 
able factors had any bearing upon the 
apparent discrepancy. 

For this purpose, adult white rats of 
the Wistar strain, each weighing be- 
tween 200 and 250 g., were selected as 
follows; Group A consisted of 9 male 
animals; Group B, 10 males and Group 
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C, 9 females. Four rats in each group 
were designated as controls and each 
of tlie otliers was given a single dia- 
betogenic dose of alloxan. Each diabe- 
tic animal received 0.1 ml. of crystal- 
line zinc insulin (10 units per cc.) 
daily, by injection into the fat pads of 
the groin and axilla of one side of tlie 
body. Each rat in Groups B and C re- 
ceived also an equal volume of saline 
solution into the pads of tlie opposite 
side. The animals of Group A were 
not given the control injections of sa- 
line solution. 

At tlie end of 3 months, the surviving 
animals were sacrificed and tlie fat 
pads were dealt with as described 


above. Fig. 1 gives a graphic repre- 
sentation of the results obtained from 
Group A. Obviously, no fat atrophy 
was apparent. Actually, the amounts 
of fat at the sites of tlie insulin injec- 
tions were increased as compared witli 
the untreated sides in all tlie diabetic 
animals. The results from Group B, in 
which die effect of trauma was con- 
trolled by the injection of physiological 
saline solution on the opposite sides, 
are shown in Fig. 2. Since the relative 
increase in fat at the sites of the in- 
sulin injections was less consistent dian 
in Group A, it may be assumed that 
trauma alone in these particular dia- 
betic rats caused an apparent increase 



Fig, 2.— Variations in the ether-soluble material derived from the fat pads of the rats in 
Group B (males) which received injections of insuhn into the pads on one side of the body. 
Control injections of saline solution were administered similarly on the opposite side. 
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in the local deposit of fat. Such effect 2. Lipase Studies. Another phuM' oi 
of trauma was not evident in the nor- the investigation relating to insulin fat 
mal rats. atrophy was concerned with various 

Fig. 3 shosv's the data from Group C factors which might affect the activity 
in which female rats were treated in of lipase derived from adipose tissue, 
exactly the same manner as the males This seemed to be a logical approacij to 
in Group B. The results were similar the problem since lipase doubtless K 
to those obtained with tlie male ani- concerned with the rapid lipid turnover 
mals; hence the indication is that sex, which Rittenberg and Schoenheimer''" 
at least in diabetic rats, does not play a have showm to occur in the fat depots, 
role in the behavior of fat at the sites Any slight alteration in the lipase ac- 
of in.sulin injections. In none of these tivity may, therefore, be involved in the 
experiments was there any suggestion production of cither fat atrophy or hy- 
of fat atrophy or hypertrophy caused pertrophy. 

by the injection of the insulin. An active lipase extract was prepared 
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from the adipose tissue of surgically 
amputated human legs, essentially by 
the metliod described by Sobotka and 
Glick^®. The existence of the lipolytic 
and syntlietic activities of tin's enzyme 
were demonstiated. The estimations of 
lipase activity were carried out by die 
method described by Archibald", using 
as the substrate “Tween 20”“ wliich is 
a water-soluble mixture polyoxyalky- 
lene deriv'atives of an ester of 1 mole 
of lauric acid per mole of sorbitan. 

Pure cr)'stalline zinc insulinate““ in 
concentrations as high as 100 units per 
ml. in die digestion mixture had no ef- 
fect upon the activity of die enzyme. 

Tricresol, wliicli is used as a preserv- 


pads removed from some of die rats 
used in die preliminaiy experiments. In 
neither die diabetic nor die non-dia- 
betic animals was there any apprecia- 
ble difl'erence in lipase staining be- 
tween the side which was injected with 
insulin and diat which received the sa- 
line solution. 

Discussion. The circumstances re- 
sponsible for the development of in- 
sulin lipodystrophy pose a series of 
baffling questions. For example, why 
does the condition affect only one out 
of about every diree persons who use 
insulin? Why does it occur in young 
people of both sexes but among adults 
practically only in women? Why do 



Fig. 4.— Showing the inhibitory effect of tricresol upon the activity of subcutaneous adipose 

tissue lipase. 


ative in commercial insulin in a con- 
centration of 0.1% in the solution of zinc 
insulin crystals (Toronto) and 0.2% in 
protamine zinc insulin (Toronto), in- 
hibited the activity of the lipase prep- 
aration in vitro as is shown in Fig. 4. 

Zinc was found to inhibit lipase ac- 
tivity also but the degree of inhibition 
was less than that caused by the 
tricresol. 

The histochemical demonstration of 
lipase activity, as described by Gomo- 
ri^®, was applied to sections of the fat 


some diabetics exhibit atrophy and 
others hypertrophy of tire subcuta- 
neous fat? The answers to diese and 
other queries relative to this prevalent 
complication of insulin therapy are 
elusive. 

Despite the lack of direct evidence 
implicating an inhibitor of lipase ac- 
tivity in the production of insulin fat 
atrophy, the possibility that tricresol, or 
some other constituent of commercial 
insulin, may play a part should be en- 
tertained. In addition to any such fac- 


* Kindly donated by the Atlas Powder Company, Wilmington, Delaware, U. S. A. 
“•Obtained from the Connaught Laboratories, University of Toronto, through the courtesy 
of Dr. A. M. Fisher. 
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tor, a marked individual proclivity to 
the disorder must be operative. 

In the absence of exact knowledge 
of the causation of this abnormality, 
wholly rational preventive measures 
are precluded. The only available 
treatment consists of var)'ing persist- 
ently the sites of injech'on of the insulin 
and the use of highly concentrated 
preparations of insulin. In some cases 
the depressed regions wll fill out, more 
or less, if they are avoided from the 
standpoint of the administration of the 
insulin. 

Summary. 1. Fat atrophy was not 
demonstrated at the sites of the repeat- 


ed injection of insulin in rats rcnticmi 
diabetic by means of alloxan. 

2. Pure zinc insulinate had no effect 
upon lipase activity in vitro at the con- 
centrations employed in the experi- 
ments. 

3. Tricresol depressed the activity of 
lipase in vitro and, tlicrcfore, may Ik- 
of etiological importance with respect 
to tire insulin fat atrophy which oatirs 
in diabetic patients. 

4. Clinical obserx-ations are in agree- 
ment with the reports of other xxTiters. 
Approximately 301? of insulin-treated 
diabetics e.xhibit the disappearance of 
subcutaneous fat at the sites of the in- 
jection of insulin. 


The writers xxisli to express tiicir appreciation to Dr. J. M. R, neveridee for valiia!)!-- 
.nssisl.ancc witii respect to the cJiemical an.aly.scs. 
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It is generally accepted diat the re- 
sponse of pernicious anemia to liver 
tlierapy may be reduced or completely 
inhibited by infectious processes oc- 
curring as complications. In the stand- 
ard textbooks of hematology and in 
the periodical literature, sjqrhilis is 
usually mentioned as one of the infec- 
tious diseases witli this capability. 
Stokes, Beerman, and Ingraham® point 
out, however, tliat syphilis complicated 
by pernicious anemia presents a spe- 
cial problem in treatment and that 
special care should be taken to pre- 
vent reactions which may affect the 
bone marrow adversely. Tlie frequency 
of pernicious anemia as a complica- 
tion of syphilis is not great, and few 
reliable data are available. Foucar and 
Stokes^ reporting on a series of 4800 
patients with syphilis, found anemia in 
25, and of this number 13 were said 
to be primary anemias, Wilkinson'^, in 
a study of 370 patients with pernicious 
anemia found 6 with syphilis of various 
t}'pes. He stated that although the con- 
currence of pernicious anemia in svphi- 
lis has been noted by others, relatively 
little attention has been paid to the 
combination. It is generally agreed that 
the occurrence of pernicious anemia 
and syphilis in the same individual is 
coincidental, and no evidence has ap- 
peared to suggest that syphilis can 


cause a megaloblastic anemia. A micro- 
cytic hypochromic anemia is said to 
occur as a complication of syphilis and 
rarely a macrocytic hyperchromic 
anemia has been reported. The rela- 
tionship between the latter and syphi- 
lis is not at aU clear, and one suspects 
that otlier complications may be re- 
sponsible. 

Several writers^ have reported 
that the response to liver therapy may 
be modified when pernicious anemia is 
complicated by syphilis. Because of the 
risk of injury to the regenerating bone 
marrow, Moore” -states: "In the event 
of the association of pernicious anemia 
and late syphilis it is usually desirable 
to postpone anti-syphilitic treatment 
until the blood has been brought up 
to normal by liver therapy. Thereafter, 
there is no contraindication to ad- 
ministration of arsphenamine or heavy 
metal in average dosage.” 

The introduction of penicillin as an 
anti-syphilitic agent has provided a 
drug which is not known to have any 
ill effects on either normal or abnormal 
bone marrow. The usual course of 
treatment of syphilis with penicillin is 
given over a period of 1 or 2 weeks. 
Thus, it should be possible in appro- 
priate cases to observe the influence 
of anti-syphilitic treatment on the rate 
of response of pernicious anemia to 


* Published with the permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or the conclusions drawn by the authors. 
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liver therapy when this complication 
is present. When heavy metals and 
arsenicals are used, the duration of 
treatment is ordinarily so long that it 
would be difficult to ev'aluatc its effect 
on the recover)' from the anemia. 

Since no reports have appeared in 
the literature concerning the penicillin- 
treatment of s)’philis complicating per- 
nicious anemia, it seemed desirable to 
report the followng cases. 

Among the admissions to the Ilema- 
lolog}' Scn’ice of this hospital from 
Januar)' 1, 1947, to July 1, 194S, 


chiration. Pln-sical cxainin.ttion rt've.ilnl jmx!, . 
rate pallor, and a ch.\raeteri-.t!c. .sltapl- 
tongue. The heart was enlarged to llii' 1 
anti a loiid, blowing, diastoac immnnr « is 
heard over the aortic .area, but best in ti 
fourth left interspace. Tire cr\thrt)c\te eeiu; 
was 2,000,000; heinoglolnn, 7.'3 gin. 'i: luan- 
tocrit, 247; mean corpuscular volume, li^l tii 
microtis; mean corpuscular heraoglnhin, 
inicro-micrograms; mean corpu'cuiar linii' 
globin concentration. 31< and Icukocstc tent.*, 
10,700. Examination of a sine.ir of stnai! 
marrow revealed a cliaraclerislie mcg-ilohlu!:! 
marrow. The gastric contents contained i i 
free Jivdrochloric acid after liMaminc stiinn- 
iation.’ The serologic tests for syphilis «ete 
negative, although this patient was known to 



C.h.irt 1. lli'.pm'e to Ther.ipv. " fled f>ll Onint. •Hemoglobin. X Mean f.orpn'Mibr 

Vohnue. r. '1 he preditted era thrnpoieln, response, after Isa.its, rt ill’. 

thrre were 2.7 patients with pernicious 
;tiiemi.i. Three of these patients had 
tinifleratf'lv severe anomia, complicated 
hv svphilitic aortic insiiffieieticy, syphi- 
litic aneurvsm of the aorta, anrl laf'- 
l.itenl, sero-jiosiiive syphilis, respec- 
titelv. 
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lowing the beginning of combined penicillin- 
liver extract therapy, the red count increased 
to 4,200,000, and at the time of discharge 
from the hospital, 19 days following the 
start of penicillin, the erj’throcytc count was 
4,500,000, the hemoglobin was 15 gm., and 
the hematocrit was 43% (Chart 1). 

He had no reaction to penicillin. The aver- 
atte blood counts in each week of treatment 
are shown in Table 1(A). 

Case 2. E.B., No. 196844, a white male, 
aged 58, was admitted on Oct. 5, 1947. He 
gave no history of prewous treatment for per- 
nicious anemia, but had been treated for 
dyspnea, ankle edema and chest pain for 3 
months prior to admission. Physic.al examina- 
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lion revealed an acutely ill white male with 
atrophy of the tongue, marked pallor of the 
skin and mucous membranes, and a lemon- 
yellow tinge to tlie skin. A bulging, pulsatile 
tumor mass was present on the anterior chest 
in tlie region of tlie left 2nd and 3rd inter- 
spaces. On palpation, a diastolic shock was 
felt and on auscultation, a systolic bruit was 
heard over the tumor. The erythrocyte count 
was 1,300,000; hemoglobin, 5.0 gm.; hemato- 
crit, 14%; the mean corpuscular volume, 138 
cu. microns; mean corpuscuhar hemoglobin, 
38 micro micrograms; mean corpuscular 
hemoglobin concentration, 36%; and leuko- 
cyte count, 3500. Examination of marrow ob- 
tained from the spinous process of the 3rd 


TABLE l.-LABORATORY DATA AND TREATMENT SCHEDULES IN 3 CASES OF 
PERNICIOUS ANEMIA COMPLICATED BY SYPHILIS. 


(A) 



Case 1 



Week 

Red Cell 

Hcmocloliin 

Moan 

White 

Treatment 


Count 

cm. per 

Corpuscular 

Cell 



xl0''/mTn^ 

100 ml. 

Volume 

pel t mm. 





Cu. Microns 



Adm. 

2.00 

7.5 

120 

10,600 

None 

1 

2.00 

7.5 

120 

4,100 

Liver 

2 

2.40 

7.5 

— 

— 

Liver 

3 

2.60 

8.5 

110 

— 

Liver 

4 

3.00 

9.0 

103 

— 

Liver 

5 

3.20 

11.0 

103 

6,100 

Liver, Penicillin 

6 

4.10 

11.0 

92 

— 

Liver, Penicillin 

7 

4.30 

n.o 

95 

— 

Liver 

8 

4.60 

13.0 

87 

— 

Liver 

(B) 



Case 2 



Adm. 

1..30 

5.0 

138 

3,500 

None 

1 

1.70 

5.5 

118 

6,800 

Liver 

2 

2.00 

7.0 

120 

6,000 

Liver 

5 

3.00 

9.0 

— 

5,700 

Liver 

4 

3..50 

11.5 

Ill 

4,300 

Liver, Bismuth 

5 

4.30 

13.0 

93 

— 

Liver, Bismuth 

6 

5.60 

14.0 

— 

— 

Liver, Bis., Penicillin 

7 

5.10 

15.0 

88 

— 

Liver, Bis., Penicillin 

8 

5.50 

15.0 

84 

— 

Liver, Bismuth 

(C) 



Case 3 



Adm. 

1.60 

6.0 

125 

1,700 

None 

1 

1.80 

7.0 

— 

3,000 

Liver 

2 

2.00 

7.0 

115 

8,500 

Liver 

3 

2.50 

9.0 

100 

— 

Liver 

4 

2.60 

9.0 

— 

— 

Liver, Penicillin 

5 

3.10 

10.5 

— 

— 

Liver, Penicillin 

6 

3.40 

10.5 

95 

— 

Liver 

7 

3.25 

10.5 

— 

— 

Liver 

8 

3.24 

11.0 

98 

— 

Liver, Folic Acid, Iron 

9 

3.26 

10.5 

98 

— 

I.-iver, Folic Acid, Iron 

10 

3.30 

11.0 

— 

— 

Liver, Folic Acid, Iron 
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week later it was 3,400.000 with 10.5 gm. of 
Jienioglobin, and hematocrit 32!?. Tlie jiia.\i- 
mum reticulocyte response was 10% on the 
9th day of liver treatment ( Chart 3 ) . He had 
no reaction to penicillin. Since liis blood count 
failed to improve, during tlie 8th v’cek, folic 
acid and iron were given, in addition to the 
concentrated liver e.xtract. After 3 weeks of 
treatment w’ith all these agents, there was 
still no cliange in the blood picture; and it 
was assumed that the hepatic insufficiency 
was responsible for the inadequate response 
to liver tlierapy. The average blood counts 
lor each week of treatment are shown in 
Table 1(C). 


difficult to estimate the activity of the 
syphilitic infection in Case 2, but it is 
a fair assumption that it was active. 
Tlie aneurysm had increased in size 
since 1939 when he v^as given an in- 
adequate course of arsenic. 

The availability of penicillin as an 
anti-syphilitic agent made it possible 
to give adequate therapy over a brief 
period of time. It is wortliy of note 
tliat penicillin did not interfere with 
the optimal red cell response to liver 



Chart 3.— Case 3, Response to Therapy. ° Red Cell Count. * Hemoglobin. X Mean Corpuscular 
Volume. = The predicted erythropoietic response, after Isaacs, et aP. 


Discussion, A comparison of the 
hematopoietic response in our patients 
with the predicted rate of red cell pro- 
duction is of interest and can be seen 
on the clinical charts. The curves for 
the predicted erythropoietic response 
are those described by Isaacs, Bethell, 
Riddle and Friedman^. In Case 2, the 
observed response closely paralleled 
the expected one. This was not unex- 
pected, since the observed reticulocy- 
tosis, 28%, was greater than the aver- 
age, 24%, when compared with the 
standards of Isaacs and Friedman^. 
Their formula, however, is based on a 
small daily dose of liver extract. It is 


extract which this patient displayed. 
It is also of interest that the aneurysmal 
region was less painful at the time of 
discharge. 

In Case 1, the red cell regeneration 
with liver extract was definitely sub- 
optimal when compared with the 
standard curve (See Fig. 1). After the 
initiation of anti-syphilitie therapy, the 
observed curve showed an upward 
trend and approximated the theoreti- 
cal one quite closely. It is difficult to 
be certain whether this improvement 
can be attributed solely to the peni- 
cillin. The diagnosis of syphilis in this 
patient was based on the finding of 
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typical syphilitic aortic insufficiency. 

There has been no clinical evidence 
of activity of this lesion during the 2- 
year period that this patient was under 
our observation. In 1946, when per- 
nicious anemia was first diagnosed, the 
patient was treated with folic acid 
orally. The maximum reticulocyte re- 
sponse at that time was 13%, or ap- 
proximately one-half of the usually ex- 
pected value. The red cell response, 
however, was equal to, or greater than, 
the optimal curve tliroughout the pres- 
ent period of observation of 8 weeks. 
During tlie current admission the maxi- 
mum reticulocyte response with liver 
therapy was 20%, which is the value 
predicted by the formula of Isaacs and 
Friedman'*. Under these circumstances, 
one would e.xpect the rate of red cell 
regeneration to approximate the theo- 
retical curve. Since an active visceral 
syphilitic infection could impair the 
response of liver therapy, penicillin was 
given. 

It was gratifying to observe the ces- 
sation of the suboptimal red cell re- 
sponse and the occurrence of a normal 
one. 

In Case 3, the anticipated maximum 
reticulocyte response (according to 
the Isaacs and Friedman formula), 
should have been at least 22%, wiA 
minimum doses of liver extract. Actu- 
ally, his maximum value was only 10%, 
and the peak occurred late, on the 9th 
day, in spite of adequate doses of liver 
extract. The exact status of the syphili- 
tic infection was not known in this 
patient. His serological tests were 
strongly positive and he had received 
inadequate treatment with bismuth 
and arsenic in 1939 only. 

Two months after the penicillin 
therapy the quantitative Kahn reaction 
was 40 units. No evidence of cardio- 
vascular, visceral or neurosyphilis 
could be found, and his general physi- 
cal condition was satisfactory for his 
age. When it became apparent that the 


red cell response to liver extract was 
also suboptimal, it was assumed that 
syphilis was responsible. For this rea- 
son, anti-syphilitic treatment with peni- 
cillin was begun after the 21st day of 
liver tlierapy. There appears to have 
been some improvement in the rate of 
red cell regeneration which would sub- 
stantiate our thesis. It is of interest 
that on a previous admission, the red 
cell count did not exceed 3,500,000 
even after intensive and prolonged 
liver therapy. However, after the count 
reached about 3,500,000, and since the 
completion of the penicillin treatment, 
there has been no further improvement 
in the blood picture. No other obvious 
cause can be found except the un- 
questionable hepatic insufficiency as- 
sociated with cirrhosis. 

The maximum reticulocyte percent- 
ages observed were 20%, 28% and 10% 
in Cases 1, 2, and 3, respectively. 
Using the formula of Isaacs and Fried- 
. „ 1 4- 0.5 Eo , 

man^ R =-8^^Eo' ^ * 

expected reticulocyte response in per 
cent, and Eo is the initial erythrocyte 
count in millions per cu. mm., the 
values should have been 19%, 24%, and 
22%, respectively. This formula, how- 
ever is based on data obtained from 
patients who were given 1 unit of liver 
extract intramuscularly per day. R 
has been oiu' experience whefti the 
usual dose of liver extract is of the 
order of 15 units intramuscularly per 
dav during the first week, that the 
maximum reticulocyte percentage 'vill 
be greater. We anticipate a reticulo- 
evtosis of about 10% for each niillion 
that the red cell count is below a 
uonnal value of 5 million. Follo\ving 
this calculation, we would expect a 
maximum reticulocytosis of about 30%, 
37%, and 36% in Cases 1, 2 and 3, respec- 
tively. On this basis, the reticulocyte 
responses in these patients were only 
1/3 to 2/3 of the usually expected 
values. Whether this can be assumed 
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to be a consequence of syphilis, we 
ha^'e no way of knowing; but it is a 
possibilit}^ 

It is well recognized, }lowe^^er, tliat 
the reticulocyte response to liver 
therapy is quite variable, and tliat it 
does not always bear a constant rela- 
tion to the rate of improvement of the 
eiythrocyte count. It is interesting to 
speculate what the maximum reticulo- 
cyte response would have been in these 
patients if tlie penicillin had been 
given at tlie outset of liver therapy. 

In the series of patients wnth per- 
nicious anemia presented by Wilkin- 
son*, the response to combined treat- 
ment until e.xtract of hog’s stomach and 
anti-syphilitic drugs was satisfactory 
in 5 of 6 cases. Howes^er, in a report of 
another group of anemic syphilitics 
treated until mercui^' and arsenicals, 
Foiicar and Stokes- urged that ex- 
treme caution was necessary because 
of the grave complications which might 
follow such therapy. In our own pa- 
tients, the rapid ti'eatment of the syphi- 
lis witli penicillin caused no unfavor- 
able results. 

In Case 2, whose red cell response 
was practically optimal prior to the ad- 
ministration of penicillin, the rate of 
regeneration was increased when the 
antibiotic was given. Certainly, there 
is no reason to fear that penicillin will 
have a harmful action on the hemato- 


poietic system in patients with per- 
nicious anemia. 

Although tliere is no direct, causal re- 
lationship between pernicious anemia 
and syphilis, it is generally accepted 
that syphilis can exert an effect on the 
response to liver dierapy. It is probable 
that this influence is of the same sort 
that any infective process exerts. It is 
customary when a patient with per- 
nicious anemia fails to respond ade- 
quately to liver extract, first to suspect 
the quality of the material; and then 
to search for complicating infections. 
It is proper to consider syphilis an ade- 
quate cause for an unfavorable re- 
sponse in appropriate cases; and rapid 
treatment with penicillin is indicated. 

Summary and Conclusions. 1. Three 
patients with pernicious anemia com- 
plicated by syphilis are presented. 

2, Penicillin can be administered 
rapidly to patients unth pernicious 
anemia complicated by late syphilis. 
There does not appear to be any greater 
reason to expect adverse reactions 
from penicillin tlrerapy in patients with 
oernicious anemia tlian in patients with 
late syphilis, generally. 

3. It is reasonable to assume that the 
penicillin should be given as early as 
possible in the course of the treatment 
of oernicious anemia complicated bv 
svphilis. If this is done, it seems likely 
that normal values for the erythro- 
poietic response will be obtained. 
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PREMATURE CALCIFICATION OF THE COSTAL CARTILAGES: 
ITS FREQUENT ASSOCIATION WITH SYMPTOMS 
OF NON-ORGANIC ORIGIN 

By John L. Horner, M.D, 

INSTRUCTOR IN MEDICINE 
ST. hOVIS , MISSOURI 

{From tile Department of Internal Medicine, Wasliington University Scliool of Medidnc 

and the Grant Medical Clinic) 


The dominant opinion regarding tlie 
significance of calcification in the rib 
cartilages is exemplified by the follow- 
ing statement from a recent textbook 
of roentgenological diagnosis: “Ossified 
costal cartilages occur so frequently 
that they are scarcely worthy of men- 
tion”®. 

That this phenomenon is common is 
undeniable, although the actual inci- 
dence is unknown. To conclude that it 
has no significance is illogical. Calcifi- 
cation of cartilage is, in die opinon of 
authorities, an aging process. Why 
then should it occur in men and women 
in their twenties and thirties who show 
no other evidence of premature degen- 
eration? This presentation is an attempt 
to summarize what is known about 
calcium deposit in the costal cartilages, 
to correlate this occurrence with other 
physical and laboratory findings and 
to suggest its possible clinical signif- 
icance. 

Associated Diseases. What little has 
been written about the association of 
calcification of the costal cartilages 
with disease has been primarily con- 
cerned with tuberculosis. A generation 
ago a number of investigators con- 
cluded from statistical studies that 
patients with apical phthisis showed 
such calcification at an earlier age and 
much more frequently than normal 
subjects®. More recently it has been ac- 
cepted that such a relationship does 
not exist®’®. Huvssen studied the coin- 
cidence of calcification in the blood 
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vessels and that in rib cartilage. Such 
a wide variation was found that no 
common factor could be presumeclh 
Kohler“ demonstrated to his satisfac- 
tion that chronic malnutrition was ac- 
companied by increase in costal carti- 
lage calcification, yet Helley® could 
find no association with the diet or 
the economic background. Falconer®, 
on the basis of postmortem exami- 
nation, concluded that there is a clear 
correlation between osteoporosis and 
hyaline cartilage calcification, a state- 
ment possibly accounted for by the fact 
that both conditions occur frequently 
in the aged. The same coincidence may 
account for his finding of frequeiit 
anomalies of calcium metabolism, such 
as gallstones and kidney stones. 

From this brief resumd it is apparent 
that little or no progress has been made 
in the clinical investigation of this sub- 
ject. 

Mechanism of Formation. In 1939 
King’® made several definite contribu- 
tions to our knowledge of the anatomy 
and theoretical significance of pre- 
mature rib cartilage calcification. Pre- 
viously, the anatomy textbooks which 
mentioned the subject at all stated that 
the calcium was deposited peripherally. 
King showed, by radiological and histo- 
pathological studies, that the calcifica- 
tion is, in the early stages, central and 
proceeds outward. This has since been 
confirmed by Hass^. 

Since most persons deposit some cal- 
cium in the rib cartilages by the time 
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tliey reach old age tliere must be some 
common ph)'sioiogical denominator, 
over and above the special factors oc- 
curring in some younger persons who 
show tliis phenomenon. According to 
King, tliis basic factor is tlie movements 
of respiration. Respiration alone, dis- 
regarding tlie probably greater forces 
imposed by bodily moA'ement, puts a 
constant sti'ain on tlie costal cartilages. 
In liis words, “Everj^ elevation of the 
ribs involves a stretching of tlie very 
strong muscles of the abdominal wall, 
the strain being spread throughout tlie 
anterior tlioracic cage by the costal 
muscles. Eveiy^ contraction of muscle 
attached to rib cartilage constitutes a 
minimal trauma, and can be viewed as 
a stimulus to physiological change in 
die direction of increased strengdi.” 
With trauma there is a reactionarj' 
hj'peremia, however slight. King states 
that in very chronic conditions hyper- 
emia causes calcification rather than 
decalcification, a Wew which is not 
generally accepted^. King’s theory, if 
correct, might explain why the first 
costal cartilage invariably calcifies long 
before die others, since it is from this 
rib that the whole chest cage is sus- 
pended, Confirmatory evidence at pres- 
ent is lacking. 

From the purely biochemical stand- 
point, calcification probably depends 
on the failure of die mechanism respon- 
sible for the maintenance of the inter- 
cellular matrix' of the cartilage. Hass^ 
has made many chemical assays 
of rib cardlage at various ages 
and has found that normally die 
polysaccharide, chondroitin-sulfuric 
acid, occurs in increased amount from 
infancy to the fourth decade. It then 
declines in amount and it is at this 
time that calcium is deposited in the 
center of the cardlage, the viability of 
the cells diminishes, and finally osteoid 
matrix and bone appear. Hass believes 
that the chondroitin-sulfuric acid con- 
centradon is responsible for maintain- 


ing the intercellular matrix, but has 
e.xpressed no dieories about what in- 
fluences the polysaccharide concentra- 
tion itself. Hence, as widi die clinical 
studies, we find great gaps in our phy- 
siologic and biochemical knowledge of 
this subject. 

In regard to the persons who show 
the phenomenon of calcification of die 
rib cartilages at an early age, various 
predisposing factors have been studied. 
Some of diese, e.g,, tuberculosis, have 
already been mentioned. Dietary defi- 
ciencies, possibly of calcium or of vita- 
min D, have been suggested. The role 
of endocrines in the maturation and 
aging of cartilage has been systematic- 
ally and e-xhaustively studied by the 
Silberbergs^® and others^^. Most of 
these experiments have been con- 
cerned widi articular cartilage, but the 
Silberbergs state diat the rib cartilage 
changes follow the same general pat- 
tern, Whedier the studies are appli- 
cable to man is thrown into some 
doubt by the fact that the age of the 
experimental animal on which the hor- 
mone acted played an important r 61 e 
in determining die mode of reaction of 
the cartilage. In the young guinea 
pig, however, androgen and estrogen 
administration caused premature aging 
processes in the cartilage, as did para- 
thormone, whereas progesterone had 
the opposite effect. 

Incidence. The true incidence of 
calcification of the rib cartilages is 
unknown. The best way of obtaining 
this information in the various age 
groups would be by Roentgen ray 
examination of an unselected cross-sec- 
tion of the population. Since this is 
impossible, we must be content with 
examination of the people who seek 
medical attention, either because of 
symptoms or because of a desire for a 
“general check-up” The results of such 
a study will be given, after first con- 
sidering what other investigators have 
been able to learn. 
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Studies were made in Argentina on 
the basis of chest films of tuberculosis 
subjects®. It should be stated that chest 
films are rather unsatisfactory for this 
purpose, unless it is desired to study 
only the first rib cartilage. Detail below 
the diaphragm, where the earliest cal- 
cifications occur (other than the first 
rib), is very poorly seen. Of the 1136 
patients comprising the material, 41% 
were between 40 and 50 years of age, 
65% older tlian 30 years. The con- 
clusion drawn was that costal calcifi- 
cation increases with age. 

It might be well to recall at this 
point that calcification of the first costal 
cartilage occurs so routinely that it 


cartilage in 169, and chemical analysis 
showed clearly that the amount of cal- 
cium deposited increases with age. 
Hass'* also found this to be true. He 
showed that tire increase begins in the 
first decade and reaches high values 
in all cartilage over 50 years of age. 
It is not, of course, until the calcium 
content becomes fairly high that it 
can be roentgenographically detected. 

Further evidence that calcification of 
costal cartilage is a process advanc- 
ing with age is presented in Fig I 
Five hundred consecutive patients 
showing this process were grouped 
according to age incidence by decades. 
It will be seen that only 29% of these 


so-, 


DtQCCNTAOt or 500 CONStCUTiVC PiTICNTS WITH 

CACciriro costal cadtilagcs in each decade 


peqcentaqc or soo consecutive orncc 

ADMISSIONS IN EACH DECADE 



Fic. 1— Comparison of age incidence in consecutive office admissions and in patients 

calcified costal cartilages. 


with 


must be regarded as a normal process. 
According to RisH®, it begins at 17 
years in the male, 19 years in the 
female, and is completed at 35 years 
in the male, and 45 years in the female. 
It may be completely calcified at a 
time when none of the other cartilages 
shows any such change. 

One of the two pathological studies 
that have been reported is that of Fal- 
coner, previously referred to. In 200 
cases investigated there was deposit of 
calcium in the rib or tracheobronchial 


were under the age of 40. Yet these 
same younger decades comprised 44% 
of 500 consecutive admissions to the 
ofiBce. Hence the older age groups con- 
stituted a disproportionately large 
percentage of those with calcification. 

All these studies taken together show 
conclusively that with aging detectable 
calcification of the costal cartilages is 
more likely to occur. They do not, how- 
ever, answer the question of the actual 
incidence. It would be helpful to know 
what percentage of the general pop”' 
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lation betw'een the ages of 20 and 
29 years exliibits this phenomenon. 
What percentage of those between 60 
and 69 years? If it could be revealed 
that 1 in 10 shows it at age 20, whereas 
7 out of 10 have it at age 60, then its 
significance in younger persons would 
be more apparent. 

In an attempt to obtain some idea of 
the actual incidence in the various 
decades, Roentgen ray films of the 
right upper abdomen were taken on 
300 consecutive patients admitted to 
tlie office- This wew \\dll detect an 
appreciable amount of costal cartilage 
calcification since, excluding the first 
rib, calcium is first deposited in the 
lowest cartilages, tliose which anasta- 
mose %vitli each otlier ratlier than with 
the sternum. The deposit is quite equal 
bilaterally. No details of the patient’s 
record were noted at diis time other 
than age and sex. The films were first 


graded according to the presence or 
absence of significant degrees of calci- 
fication, then divided into age groups 
by decades. Table 1 and Fig. 2 present 
the results of this tabulation. 

It will be seen that the percentage 
of those with calcium deposit steadily 
increased with age, witli little differ- 
ence between tlie male and female inci- 
dence. Tlie most marked rise occurred 
in the fourtli decade. The sampling at 
the age extremes is, of course, too small 
to have significance. An interesting 
sidelight of this investigation is that 
die most marked calcification was not 
necessarily found in tlie aged. This co- 
incides witli tlie fact tliat die amount 
of calcification in tlie individual person 
increases very slowly; little or no differ- 
ence may be found in films of the 
same patient 5 to 10 years apart- Tliose 
with marked degrees of tliis phe- 
nomenon may acquire it quite early. 


TABLE l.-THE INCIDENCE OF CALCIFICATION OF THE COSTAL CARTILAGES 
AMONG 300 OFFICE PATIENTS, ACCORDING TO DECADES. 


Age groups bj- 10 

-19 

2C 

1-29 

30-39 

40-49 

50-59 

60-69 

70 & over 

decades 










Number in each 12 


42 


62 


68 

74 

31 

11 

decade 










Male 

2 


12 


23 

27 

28 

11 

4 

Female 

10 


30 


39 

41 

46 

20 

7 

Percentage with 0 


16.7 


43.5 


52.9 

59.4 

74.3 

90.9 

calcification 










Male % 

0 


16.7 


34.8 

59.3 

53.6 

72.7 

100.0 

Female % 

0 


16.7 


48.7 

48.8 

60.1 

75.0 

85.7 

Percentage with 0 
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Fig. 2— Percentage of patients in each decade showing costal cartilage calcification. 
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then progress but little over many 
decades. Nevertlieless, the figures show 
that as man gets older he is more and 
more likely to be subjected to the fac- 
tors, as yet unknown, which lead to 
deposit of calcium in the cartilaginous 
matrix. 

Clinical Study. To gain further 
information about possible associated 
factors in the younger age groups, the 
records of a series of office patients 
under the age of 40 have been exam- 
ined. Many of tliese patients were 
taken from tlie series of 300 used to 
determine incidence. Others were dis- 
covered by scanning routine gastroin- 
testinal and odier abdominal Roentgen 
ray films. No selection of any kind was 
exercised other than ascertaining that 


number of physicians in our practicing 
group. With rare exceptions none of us 
knew, at the time the diagnosis was 
made, whether tlie patient did, or did 
not, have premature costal cartilage 
calcification. What correlations were 
found were obtained only after the 
records had been divided into the 2 
groups on the basis of Roentgen-ray 
evidence. 

Results, Table 2 presents in sum- 
mary form some of the data discussed 
below. Since it has already been shown 
that calcification is more common with 
advancing years it is not surprising 
that the average age in the calcification 
group was somewhat higher. Although 
only patients under 40 were selected, 
the calcification group averaged 32.6 


TABLE 2.-SUMMARY OF COMPARATIVE DATA 


Calcified Group 
Control Group 
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the lower rib area was adequately vis- 
ualized, and that the patient was under 
the age of 40. These patients were 
divided into 2 groups. One group, of 
158 persons, had definite calcification in 
the lower costal cartilages. The other, 
comprising 119 patients, had no radio- 
logical evidence of this phenomenon, 
and was considered as the control 
group. 

In addition to age and sex the follow- 
ing details from the record were noted 
for comparison between the 2 groups; 
the complaints, the final chief diag- 
nosis, the state of nutrition, the basal 
metabolic rate, the blood calcium and 
history of menstrual disorders in the 
female patients. The physical examina- 
tions and diagnoses were made by a 


years as compared with 28.3 years for 
the controls. 

There were slightly more females 
in the calcification group (76.6%) than 
in those without calcification (68.9%)- 
This is not a significant difference sta- 
tistically. The figures do emphasize the 
well known fact that more women 
than men seek medical attention. 

The few determinations of blood 
calcium yielded no significant differ- 
ences. Analyses were made on only 16 
patients in the calcification group, the 
range being 9.6 to 10.6 mg. per 100 cc., 
all within the normal range. This might 
be expected in view of the slowness of 
the calcification process, and the 
absence of clinical evidence of disturb- 
ance of calcium metabolism. In those 
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of tlie control group only 2 serum cal- 
cium determinations were made. Both 
were normal. 

Again there were found no significant 
difi'erences between the 2 groups in 
regard to the basal metabolic rate. 
There were no thyrotoxic patients in 
either group and none of the metabolic 
rates were found to be above plus 10%. 
If minus 10% is taken as tlie lower limit 
of normal (a ver)' questionable figure 
with the older tables of computation), 
41.1% of those having this test per- 
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The percentage of underweights was 
approximately the same, while average 
weights were found considerably more 
often in tlie control group. These figures 
are in contrast to the opinion of Kohler, 
quoted above, that chronic malnutri- 
tion was accompanied by an increase 
in costal cartilage calcification. How- 
ever, “malnutrition” and “underweight” 
are admittedly not synonymous terms 
in some cases. No significant incidence 
of anemia was found in either group. 

Menstrual disorders were very com- 



Fig, 3— Marked costal cartilage calcification in a young woman with multiple complaints of 

functional origin. 


formed in the calcification group were 
below normal. In the controls 43.4% 
were below normal. 

Each patient was evaluated in re- 
gard to nutrition as being overweight, 
average or underweight on the basis 
of standard tables prepared from in- 
surance company statistics. It was 
found that 30% of those in the calci- 
fication group were overweight, as com- 
pared with only 12.7% of the controls. 


mon in younger women with calcifica- 
tion in the costal cartilages. Almost 
half of them complained of, or admitted 
on questioning, dysmenorrhea, menor- 
rhagia, gross irregularity of the cycle or 
scant menstrual bleeding, with no pre- 
dominance of any one type of dis- 
turbance. In contrast, less than 15% of 
the women in the control group admit- 
ted to these complaints- 
Early in the study an impression was 
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gained that the patients later shown to 
have early calcification in the rib car- 
tilages presented multiple complaints. 
In order to test this impression the 
number of chief complaints given by 
the patient to tlie examiner on the 
initial visit wfere averaged for the 2 
groups. The patients in tlie calcification 
group were found to have twice as 
many complaints as those used as con- 
trols. A correlated observation was that 
only 2% of those with calcification re- 
ported for examination solely because 
they desired a “check-up”, whereas over 
14% in the control group gave this as 
their reason for coming to the doctor. 
In other words, more of those wnth cal- 
cification had symptoms which dis- 
turbed them, and the symptoms were 
usually multiple. 

The most marked differences came 
to light witli a tabulation of the final 
chief diagnosis. While more than 60 
different diagnoses were recorded by 
the examiners, 2 predominated over- 
whelmingly. One was the designation 
“functional disorder”, and included most 
commonly “psychoneurosis”, “anxiety 
state” and “irritable colon”. Four times 
as many of the calcification group were 
thus labeled when compared with the 
controls. The other common diagnosis 
was the non-committal “indeterminate”, 
meaning that no logical explanation of 
the patient’s symptoms could be found. 
Seven times as many of the calcification 
group were thus labeled as compared 
with the controls. These 2 designations 
together accounted for 77% of the for- 
mer group, but only 16% of the latter. 
The great majority of those with no 
calcification were found to have a def- 
inite organic disorder or were specifi- 
cally stated to have no disease. 

Comparison between various organic 
diseases yielded no significant differ- 
ences. In contrast with opinions of the 
previous generation, as outlined above, 
pulmonary tuberculosis was found 
rarely and was actually more frequent 
in those without calcification. Cholecys- 


titis with cholelithiasis was found in 
very few of either group. Only 1 patient 
had renal stones. The arthritides, in- 
cluding those in which there is a local 
calcium deposit, were found to be of 
significance in the symptomatology of 
only 2 patients in the calcification 
series, as compared with 12 patients in 
the control group. 

In summary, patients under 40 who 
showed calcium deposit in the lower 
costal cartilages were found to have 
hvice the number of complaints of 
those who did not. Obesity of moderate 
or severe degree was over twice as 
common. In the women the incidence 
of menstrual disturbances was 3 times 
as great. And finally, in the opinion of 
the examiners, the complaints were not 
due to organic disease 5 times as often 
in the calcification group. 

Comment. The question may be 
raised regarding the validity of our 
diagnosis of "psychoneurosis” and other 
designations of functional disorders, 
NeiAer my colleagues nor myself are 
psychiatrists. But we have the keen in- 
terest of the present day internist in the 
psychosomatic. vie\vpoint. We have 
avoided the pitfall of making the ab- 
sence of demonstrable organic disease 
the basis for a diagnosis of “psychoneu- 
rosis”. Conversely, we have tried to 
avoid the pitfall of ascribing the pa- 
tient’s symptoms to demonstrable or- 
ganic disease when, in fact, that orgaiuc 
disease is incidental to the problem. 
We think that we have made the diag- 
nosis of the functional disorders on 
positive points in the history, together 
with evidence on physical examination 
of nervous instability. 

It would appear from the tabulations 
that a young person with calcification 
in the costal cartilages is very likely to 
have a functional disorder. If this can 
be confirmed by others, the association 
should be of some significance- Several 
interpretations, entirely speculative, are 
possible. 

It is possible that the deposit of cal- 
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cium in tlie costal cartilages is an effect 
of tile psychoneurosis. In modern psy- 
chiati-ic tliinking, emotional tensions 
can cause not only disturbance of func- 
tion but, if of long standing, actual or- 
ganic changes. One may postulate a 
chronic “alarm” reaction witli e.vcessive 
production of adrenocortical hormones, 
leading to aging of cartilage tlirough 
tlieir effect on androgen and estrogens. 

It is possible tliat both the psycho- 
neurosis and tlie deposit of calcium are 
on tlie basis of long standing endocrine 
disturbance. We already know that psy- 
choneuroses and glandular disorders 
are frequently related. 

It is obvious that experimental work 
is necessary if either of these hypoth- 
eses is to be more than pure specula- 
tion. The Silberbergs have done much 
to show tliat normal maturation and 
aging of cartilage in experimental ani- 
mals can be altered by injection of 
glandular extracts. It would be much 
more difficult to show how the psycho- 
neuroses could be fitted into this pic- 
ture. 

Summary. Calcification of the costal 
cartilages is a process which, while pre- 
sumed to be a matter of aging, is fre- 
quently found in young persons- 

It is generally tliought that this de- 
posit is of no consequence. For this 
reason, perhaps, very little progress has 
been made in determining the factors 


that cause, or are associated with, tlie 
calcification. Association witli various 
organic diseases, such as pulmonary 
tuberculosis, has been postuated but 
disproved. 

A study of 277 patients under the age 
of 40 years has been made. Roentgen 
Ray examinations showed that 158 of 
tliese had costal cartilage calcification, 
while 119 did not. In addition to age 
and se.\-, several otlier details from the 
case lustory were tabulated and com- 
pared. 

Significant differences between those 
persons who showed calcium in the 
costal cartilages and those who did not 
were found in tlie number of chief 
complaints, the history of menstrual 
disorders in the women, the percentage 
wtli obesity and the final chief diag- 
nosis. In the former group tliere were 
tAvice tlie number of complaints, twice 
the incidence of obesity, 8 times the 
incidence of menstrual disorders (wo- 
men alone considered). Most interest- 
ing was tlie fact that tlie complaints 
apparently not due to organic disease 
were 5 times as frequent in the calci- 
fication group. 

Any interpretation of these differ- 
ences would at the present time be en- 
tirely speculative. It is thought, how- 
ever, that the answers would be suf- 
ficiently interesting and significant to 
warrant further investigative work. 
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prominent as a symptom in 23 members 
of this group, 33 had an elevation of 
die ictenis index and in 5 hepatic 
enlargement was demonstrated. Three 
patients had ascites. In S patients an 
antecedent histor)' of blood or plasma 
administration was obtained, 4 had 
marked ele\'ation of the heterophile 
antibody titer, and in 3 the adminis- 
tration of arsenic was tliought to be 
causative. No patients in this group 
were troubled by itching. Five patients 
were surgically e-xplored for the possi- 
bilit}'' of stone. Two of these surgical 
patients and one IS year old girl with 
serum hepatitis died. 

Common Duct Obstruction. In 32 
patients with a clinical diagnosis of 
common duct obstruction, the cephalin- 
cholesterol test was recorded in 26, and 
22 of these were negative. Four patients 
in this group had a positive test; in 2 
of these the obstruction was of approxi- 
mately 15 mondis duration, 1 patient 
died postoperatively of hepatic failure, 
and in 1 patient liver biopsy at the 
time of operation revealed no hepatic 
lesion. The icterus index was elevated 
in all of these patients. Tlie obstruc- 
tion of the common bile duct was due 
to stone or post-surgical stricture in 
22 of these cases, 9 had an obstructing 
carcinoma, and in 1 case the obstruc- 
tion was evidently due to anomalous 
enlargement of the right lobe of the 
liver. In 25 of these patients itching 
was a prominent symptom. 

Cholecystitis. In the 70 patients 
with cholecystitis, 19 were males and 
51 females. The icterus index was ele- 
vated in 52 membeis of this group. In 
50 cases the cephalin-cholesterol test 
was negative. Of the 3 cases in which 
this test was positive, 1 patient was 
known to have had acute hepatitis 
prior to surgery for cholelithiasis. 
Bromsulfalein retention was noted in 
8 members of this group. Two of these 
had empyema of the gall bladder with 
liver abscesses, 2 had empyema with 


spontaneous rupture of die gall bladder, 
and 1 with 90 % bromsulfalein reten- 
tion died on the 2nd post-operative 
day. Gallstones were found by 
Roentgen-ray examination or by opera- 
tion in 38 cases; 34 of these were 
operated upon. The Roentgen-ray 
findings were positive for stones, and 
this was confirmed at operation in 16 
cases. In 14 cases stones were not found 
by Roentgen-ray but were disclosed 
at operation. In 4 cases no preoperative 
gall bladder Roentgen-ray was obtain- 
ed. Six patients were found to have 
empyema of the gall bladder without 
jaundice. Hepatomegaly was present 
in 6 cases. 

Metastatic Carcinoma. Of the 36 
patients wnth metastatic carcinoma, 14 
had a positive cephalin-cholesterol floc- 
culation test and 22 were negative. 
Bromsulfalein retention was positive in 
21 patients of this group and negative 
in 4. Of 4 patients with leukemia and 
hepatomegaly, 2 had bromsulfalein 
retention and none had a positive 
cephalin-cholesterol test. Four of 7 
patients with lymphosarcoma had a 
positive cephalin flocculation and 2 had 
bromsulfalein retention. 

Miscellaneous. Of 7 patients with 
pernicious anemia, 5 had positive 
cephalin-cholesterol flocculation tests, 
bromsulfalein retention and an ele- 
vated icterus. One patient with aplastic 
anemia had a positive cephalin test, as 
did 1 case each of ulcerative colitis, 
silicosis with hepatomegaly, secondary 
syphilis, amebiasis, nephrosis, and mili- 
ai;y tuberculosis. Bromsulfalein reten- 
tion was also noted in 1 case of ame- 
biasis, miliary tuberculosis and pul- 
monary embolism. 

Di scussion. The discrepancy 
between the bromsulfalein retention 
and the cephalin flocculation lest in 
non-cardiac cirrhosis is in agreement 
with the observation that a positive 
cephalin-cholesterol test requires the 
presence of an abnormal plasma globu- 
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lin elaborated by actively damaged 
hepatic cells-. This test does not 
depend upon the replacement of the 
hepatic parenchyma by fibrous tis- 
sue. The quantitative diminution in 
the amount of functioning liver tissue 
is determined by the bromsulfalein pro- 
cedure, Thus a positive ceplialin test 
requires a qualitative change in liver 
function, and a positive bromsulfalein 
test, a quantitative one. 

In hepatitis the cephalin-cholesterol 
test provided consistently accurate 
evidence of liver damage, except in the 
presence of arsenical hepatitis. Serum 
hepatitis occurring in 8 of 44 patients 
with hepatocellular jaundice empha- 
sizes the frequent occurrence of this 
disorder. A clinical point worthy of 
note is that in none of the patients 
with jaundice due to hepatitis was 
itching a prominent symptom. 

In patients with common duct 
obstruction the cephalin-cholesterol 
flocculation test was misleading in only 
4 patients, and in these longstanding 
obstruction or other complications con- 
tributed to the situation. Similarly, in 
only 3 cases of cholecystitis was the 
cephalin-cholesterol flocculation test 
positive and 1 of these was known to 
have an antecedent hepatitis. Failure 
of Roentgen-ray to reveal stones in 14 
of 34 cases wth cholelithiasis further 
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emphasizes the shortcomings of this 
technique in the problem of gallstones. 
The absence of jaundice in 6 patients 
with empyema of the gall bladder 
contributes to the uncertainty involved 
in accurately diagnosing this condition 
preoperatively. 

The presence of a positive cepbalin 
test or bromsulfalein retention in a 
patient suspected to have metastatic 
carcinoma contributes to the likelihood 
of this diagnosis. However, the absence 
of these findings does not exclude this 
diagnosis. 

In pernicious anemia finding 5 of 7 
patients with positive liver function 
tests focuses additional attention on 
the problems of liver disease in primary 
anemia. 

Summary, 1. The records of 354 
patients with abnormal liver function 
tests admitted to a general hospital 
were reviewed and the diagnostic 
significance discussed. 

2. The value of the bromsulfalein 
retention test in the detection of cir- 
rhosis and the cephalin test in the 
diagnosis of hepatitis is emphasized. 
The absence of the symptom of itch- 
ing in hepatitis is noted. 

3. The value of a negative cephalin- 
cholesterol test in the differential 
diagnosis of surgical jaundice, that is, 
common duct obstruction, is recorded. 
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The efficacy of pteroyl glutamic acid 
(folic acid) in producing clinical and 
hematologic remissions in patients with 
hyperchromic macrocytic anemia (per- 
nicious anemia, sprue, nutritional and 
pregnancy) has been amply demon- 
strated since 1945. It has been suggest- 
ed recently tliat Yutamin B12 converts 
free folic acid to the reduced form 
and that this latter compound is uti- 
lized in the production of the erythro- 
cyte maturing factor.^ 

The present investigation was under- 
taken to study the effect of the admin- 
istration of synthetic folic acid inhibi- 
tors to 5 patients with pernicious ane- 
mia treated with adequate doses of 
liver extract. The two antagonists^ used 
in the present experiment are shown on 
page 198:*’ 

Case Reports, Case 1. M. S., white male, 
age 50, was admitted to tlie Kings . County 


Hospital complaining of weakness for 1 year 
and vomiting and diarrhea for the past 3 
weeks. There was soreness of the tongue 
about 6 months previously and vague numb- 
ness and tingling of the hands and feet. A 
yellowish pallor of the skin had been present 
for the past month. Physical examination re- 
vealed an icteric tint to the sclerae. The 
tongue was red and smooth. The spleen was 
felt 2 cm. below the left costal border. Vibra- 
tory sensation was reduced in the lower ex- 
tremities. The blood studies are shown in 
Fig. 1. Other laboratory data were: No free 
hydrochloric acid in gastric juice after his- 
tamine; Roentgen-ray studies of gastro-intes- 
tinal tract negative; stools negative for occult 
blood; blood sugar 95 mg.; N.P.N. 27 mg., 
icterus index 12; bone marrow megaloblastic. 

The patient was given an experimental liver 
fraction which was followed by a satisfactory 
reticulocyte response and rise in hemoglobin 
and red cells. The tongue became Jess pain- 
ful and the diarrhea subsided. There was im- 
provement in the appetite and general well- 
being. After 20 days the blood count fell to 
near pre-treatment levels. The bone marrow 
was again megaloblastic. The patient was 
treated with 5 units of liver extract, intra- 


* Supplied by Lederle Laboratories Division of American Cyanamide Company, Pearl 
River, N. Y. 
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muscularly, daily, and on subsequent days as liver cvtract every 4 days. Bone marrow e\- 
indicated in Fig. 1. Simultaneously he re- aniination after 4 weeks of combined liver 
ceived 40 mg. and then 200 mg. of Met- extract and Met-Fol-B treatment showed less 
Fol-B daily. During the period of the smaller than 5% ’ ' ' -.'ng tjjjs period the 

doses of the inhibitor there was a slight rise patient ^ j _ poor and com- 

in reticulocytes (7.1%) and increase in hemo- plained of weakness and fatigue. Following 
globin and red cells. After the dose of Met- the discontinuance of Met-Fol-B he received 
Fol-B was raised to 200 mg. a day the red liver extract at the same intervals (5 units/4 
blood cells did not rise for a period of 1 days). Although no reticulocytosis followed, 
month, even though he received 5 units ol the hemoglobin and red cells rose slowly and 



FIG. l.-HEMATOLOGIC DATA IN CASE 1. 
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the clinical condition of tlie patient gradually 
improved. 

Case 2. J. \V., white male, age 76, was 
admitted to tlie Kings County Hospital be- 
cause of severe burning epigastric pain. He 
received intennittent liver tlierapy for per- 
nicious .anemia for 19 years, but had no treat- 
ment for the 4 montlis immediately preceding 
adjnission to tlie hospital. Examination 
showed a sick old man, pale and undernour- 
ished, with a yellow discoloration to the 
sclerae and skin. The tongue was smootii at 
the edges. There was absence of vibratory 
sensabon in tlie low'er extremities. Hemo- 
globin and red cell studies are presented in 
Fig. 2. Additional laboratorj' data showed 
large numbers of white blood cells in tlie 
urine; Roentgen-ray examination of gastro-in- 
testinal tract negative; no occult blood in 
stools; blood sugar 110 mg.; urea N. IS mg., 
icterus index 8; cephalin flocculation 3 plus; 
bone marrow megaloblastic. 

Tlie patient was transfused with 500 cc. of 
blood on each of 2 successive days. This re- 
sulted in clinical improvement, watli an in- 
crease of hemoglobin and red cells to 6.0 gm. 
and 1.52 million, respectively. He was given 
10 units of liver extract once and 40 mg. of 
Met-Fol-B daily. A reticulocyte response of 
6.7% occurred on tlie 5th day, but tliere was 
a gradual fall in die hemoglobin and red 
celS to 4.0 gm. and 1.37 million. A transfu- 
sion of 500 cc. of blood was administered. 
The following day he was again given 10 
units of liver extract and 40 mg. of Met-Fol-B 


daily. After 9 days, 10 units of liver extract 
were injected. The dose was repeated after 
die same period. Thereafter, 5 units of liver 
extract were given every 4 days, and 60 mg. 
of Met-Fol-B were administered. The obser- 
vation covered 41 days, and during this time 
the hemoglobin and red cells remained sta- 
tionary. No reticulocytosis occurred. Bone 
marrow contained 5 to 15% megaloblasts. 
The patient showed no clinical improvement. 
During die last 10 days of die study he com- 
plained of weakness, tiredness, and appeared 
ill. After die drug was discontinued 5 units 
of liver extract M-ere injected intramuscularly 
every 4 days. No reticulocytes were found 
during die following 20 days. The hemo- 
globin and red cells rose very slighdy and the 
clinical improvement was also slow. He did 
not reach a normal hemoglobin and red cell 
level 2 months after cessation of anti-folic 
acid dierapy. 

Case 3, M. M., white female, age 64, was 
admitted to the Kings County Hospital be- 
cause of weakness of several weeks’ duration. 
She had symptoms of mild cardiac decompen- 
sation for 7 years, and was treated with digi- 
talis. Occasional episodes of constipation oc- 
curred intermittently. The day before admis- 
sion to die hospital the patient received an 
injection of 10 units of hVer extract and 100 
mg. of B complex (containing 10 units of 
liver extract). Physical examination revealed 
a pale, but not acutely ill, aged female. The 
tongue was smooth at the edges. The liver 
was felt 2 cm. below the right costal border. 
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The tip of the spleen was palpable. Neuro- 
logical status was normal. Peripheral blood 
studies are found in Fig. 3. Other pertinent 
laboratory data were: blood sugar 88 mg.; 
urea 40 mg.; total protein 7.1 gm.; icterus 
index 10; no free hydrochloric acid in gastric 
juice after histamine; Roentgen-ray examina- 
tion of gastro-intestinal tract negative; bone 
marrow megaloblastic. 

Three days after the injection of liver ex- 
tract (10 units) and B complex (100 mg.) 
the patient was given 40 mg. of Met-Fol-B 
intra-muscularly, daily, for 4 days. There was 


reb'culocytosis, slow rise in hemoglobin and 
red cells and gradual improvement in the 
well-being of the patient. 

Case 4. M. W., white female, age 81, was 
admitted to the Kings County Hospital be- 
cause of weakness, vomiting and epigastric 
pain. She was a patient at the hospital 3 years 
previously, at which time a diagnosis of per- 
nicious anemia was established. Parenteral 
liver extract was administered up to 6 months 
before the present admission. On the 4 days 
prior to her entry to the hospital she received 
30 units of liver extract from her local physi- 
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no reticulocyte response and the red cells fell 
to below 1 million. The patient appeared criti- 
cally ill and 2 transfusions of 250 cc. of blood 
were administered on 2 successive days. Eight 
days after the first liver extract injection, and 
1 day after Met-Fol-B was discontinued 
(total of 160 gm./4 days) the patient re- 
ceived 500 cc. of blood and 10 units of liver 
extract. During the following there was no 
reticulocyte response and the red cells re- 
mained stationary (except for the rise fol- 
lowing transfusion). Three marrow studies 
during this period showed a marked megalo- 
blastosis (up to 34%). The paBerit continued 
to be weak, somnolent and languid. She was 
then given 10 units of liver extract on 2 
successive days. This was followed by a weak 


cian, a total of 120 units. On admission to 
the hospital the physical examination re- 
vealed no remarkable findings. The hem^- 
logic findings are recorded in Fig. 4. The 
bone marrow showed 2% megaloblasts. Other 
laboratory data were: total protein 5.1 gw. 
(albumin 2.7 and globulin 2.4); blood urea 
50 mg.; blood sugar 83 mg., icterus index 6; 
cephalin flocculation 2 plus; prothromfam 
time 14 secs, (control 13.2). The reb'cmo- 
cytes were 27.1% on the day of admission 
and fell to less than 1% 11 days later. On the 
5lh day after the first injection of liver extract 
100 mg. of Met-Fol-B were administered 
intra-muscularly for 16 days. At the end o 
this period the medication was discontinued 
because the patient became weak, unable to 
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w'alk, and disoriented. Pallor de\’eloped and 
her condition was poor. During this lime 
there was a slight rise of hemoglobin and 
red cells from 6.0 and 1.3 million to 8.0 gm. 
and 1,93 million. The bone marrow contained 
less than 1% mcgaloblasts. After the Met- 
Fol-B was discontinued there was a gradual 
improvement in the patient’s well-being, but 
she was ‘unable to get out of bed to walk. 
For the first 15 dajs the blood count did not 
rise. Thereafter, the hemoglobin and red cells 
slowly increased to 9.0 and 2.34 million 
(12 days later). ^Vith Uie admim’stration of 
li\'er extract there w'as a slow’ but steady in- 
crease in hemoglobin and red cells so that 
at the time of discharge they w'ere 12.5 gm. 
and 3.33 million. There w'as an absence of re- 
ticulocyte response other than the initial one 
noted on admission to the hospital. 


W'ere; No free h)'drochloric acid in gastric 
juice after histamine; blood sugar 79 mg.; 
urea 43 mg.; Roentgen-ray examination of 
gastro-inteslinal tract negative; stools con- 
tained no occult blood; marrow contained 
2% mcgaloblasts. 

Two days after the patient received the 
injection ot liver extract (10 units) he W'as 
given 20 mg. of An-Fol-R intra-muscularly, 
and sulfadiazine, 4 gm. orally, daily. The 
medication w'as given for 12 days. During 
this period sab'sfactory reticulocytosis oc- 
curred, but no increase in hemoglobin and 
red cells took place. The patient appeared 
clinically poor and complained of weakness. 
A bone marrow' aspiration disclosed 16% 
mcgaloblasts. Witliout further treatment for 
15 days the blood picture and the clinical 
condition remained unchanged. A subsequent 



Case 5. K. M., white male, age 59, was 
admitted to the Kings County Hospital be- 
cause of weakness and pallor of 2 years’ du- 
ration. He had intermittent treatment with 
liver injections, lextron and vitamins during 
this period. Three weeks before admission to 
the hospital his tongue became red, sore and 
“burned like fire”. He complained also of 
numbness and tingling of his hands and feet. 
One day before admission to the hospital he 
received an injection of liver extract ( 10 
units) from his local physician. Physical ex- 
amination showed a tongue with atrophic mu- 
cosa. There was absence of vibratory sensa- 
tion in both lower extremities up to the iliac 
crests. The hemoglobin and red cell studies 
-are shown in Fig. 5. Otlier laboratory data 


injection of 30 units of liver extract for 3 days 
was followed by a satisfactory rise in hemo- 
globin and red cells. Reticulocyte studies 
were not done as the patient left tlie hospital. 
There was a marked improvement in general 
well-being. 

Discussion. The approach to the 
problem was not uniform because some 
of the patients received m|ections of 
liver extract before entering the hospi- 
tal. It was felt desirable to study Ae 
effect of tihe inhibitors in these cases in 
which a variable period of stimulation 
had already occurred. This is demon- 
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strated in Cases S, 4, and 5. Cases 1, 2, 
8 and 4 indicate that the dose of folic 
acid antagonist necessary to prevent 
reticulocytosis and increase in hemo- 
globin and red cells varies in different 
patients. In Case 1, 40 mg. of Met-Fol- 
B daily had only a partial effect, where- 
as 200 mg./day resulted in no reticu- 
locyte response and a stationary blood 
picture for one month. After discon- 
tinuance of Met-Fol-B the further ad- 
ministration of liver extract was fol- 
lowed by a slow rise in hemoglobin 
and red cells but no reticulocytosis oc- 
curred. Case 2 also had a weak reticu- 


After the administration of 20 units of 
liver extract there was complete ab- 
sence of reticulocyte response and a 
fall in the hemoglobin and red cells, 
with only 40 mg. of Met-Fol-B for 4 
days. Injection of 10 units of liver e.x- 
tract was followed by no change in 
hemoglobin, red cells, or reticulocytes. 
The administration of 10 units of liver 
extract on each of 2 successive days 1 
week later resulted in a slow increase 
in hemoglobin and red cells and a very 
poor reticulocyte response. Case 4 came 
under observation when already enjoy- 
ing a satisfactory reticulocytosis. The 
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locyte response, vvith an actual fall in 
hemoglobin and red cells, necessitating 
transfusion when given 40 mg. of Met- 
Fol-B daily and 10 units of liver ex- 
tract. Adequate liver therapy and 60 
mg. of antagonist per day were fol- 
lowed by no reticulocytes or change in 
peripheral blood coxmt. After Met- 
Fol-B was discontinued and repeated 
liver extract injections, there was a slow 
rise in the red cells and hemoglobin, 
but no reticulocyte response was ever 
evoked. Patient 3 had a similar course. 


administration of 200 mg. of Met-Fol-B 
for 16 days had no apparent effect on 
the reticulocytes, but the hemoglobin 
and red cell count remained practically 
unchanged. Fifteen days after the drug 
was discontinued the blood count was 
stationary and then began to rise 
slowly. Case 5 was treated with .'^n- 
Fol-R, a less potent folic acid antago- 
nist than Met-Fol-B,^ The sulfadiazine 
was administered to prevent the libera- 
tion of folic acid in the small intestines.' 
Although a satisfactory reticulocyte re-. 



STUDIES IX PEHXICIOUS ANEMIA PATIENTS 


203 


spouse occurred following 10 units of 
li\'er extract, no change in lieinoglobin 
and red cells took place. Cases 2, 3, 
and 5 were of special interest in that 
tliese patients showed marked mega- 
loblastosis after treatment with the folic 
acid antagonists, e\'en though they re- 
ceiv'ed adequate liver therapy. All the 
patients uniformly appeared ill, and 
complained of weakness, fatigue and 
somnolence while receiving eitiier an- 
tagonist. This was particularly evident 
in those treated with Met-Fol-B. It was 
also apparent that tlie drug had a con- 
tinued effect, since after discontinuance 
the patients felt poorly, had no reticu- 
locyte reactions, and no clinical im- 
pro\^ements were noted. The pre\'ious 
administration of large doses of liver 
(120 units in Case 4) was inactivated, 
since after Met-Fol-B treatment was 
stopped no change in hemoglobin and 
red cells took place. Patient 3 received 
a total of 30 units of ]i\'er extract with 
no response one week after discontinu- 
ance of Met-Fol-B, apparently due to 
prolonged inactivation by 160 mg. of 
the drug. 

Recently Jacobson and Good have 
demonstrated that tlie hematopoietic 
activity of folic acid can bc'cnlianced 
by incubation of the vitamin with an 
enzyme obtained from fresh milk and 
cream.^ Tlie enzyme has no potency 
when given alone. Vitamin B12 how- 


ever, appears to act witliout the simul- 
taneous administration of folic acid but 
there may be enough of the latter vita- 
min in the tissues to be activated.® The 
relationship of B12 to tlie cream en- 
zyme and tlie recently prepared animal 
protein factor'’ remains to be clarified. 
The authors are at present investigating 
the effect of the simultaneous adminis- 
tration of vitamin B12 and folic acid 
antagonist to patients witli pernicious 
anemia in relapse. 

Conclusion. The lack of hematologic 
response in patients with pernicious 
anemia treated with adequate doses of 
liver extract and a folic acid antagonist 
suggests that pteroyl glutamic acid is 
nece.ssaiY for the production of red 
blood cells. 

Since the completion of the above 
report a patient with pernicious anemia 
in relapse was treated with 200 mg. of 
Met-Fol-B daily for 14 days. On the 
3d and 11th days of therapy he was 
given 10 and 15 gamma of vitamin Bia** 
respectii’ely and 5 mg. of a-methopterin 
(4-amino 10-methyl pteroyl glutamic 
acid) intra-muscularly. There was no 
clinical remission or reticulocyte re- 
sponse; the hemoglobin, red cell and 
white cell counts did not rise; and 4 
sternal aspirations done during the per- 
iod of observation revealed a megalo- 
blastosis of 11 to 23%. 
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It is becoming increasingly apparent 
tliat die emotional symptoms and the 
majority of die manifestations of dis- 
turbed autonomic nervous system func- 
tion associated with the “menopausal 
syndrome” are of psychologic rather 
than endocrine origin.'*-®'^®’^® Compre- 
hensive psychiatric studies®'^-*^-^® have 
indicated clearly that with few excep- 
tions these symptoms are the result of 
pre-existing personality and emotional 
disorders which come into focus or for 
various reasons are exaggerated at the 
time of the climacteric. The endocrine 
changes accompanying this latter nor- 
mal physiologic phenomenon have been 
shown to produce the cessation of men- 
struation, alteration of secondary sexual 
characteristics, atrophy of the skin and 
vulva, osteoporosis, and possibly some 
of the hot flashes. That arterial hyper- 
tension might also result has been re- 
futed by Taylor, Corcoran, and Page.^'* 
Factual evidence that hypo-ovarianism 
can cause significant changes in emo- 
tional reactions is lacking. The lack of 
correlation behveen menopausal symp- 
toms and excretion of gonadotropic and 
estrogenic hormones has been noted by 
Geist and Mintz.® 

It is inconsistent that the diagnosis 
of “menonausal syndrome” is so often 
made on the basis of emotional and au- 
tonomic symptoms alone, regardless of 
age or relationshin of symptoms to 
proved endocrine changes. In our expe- 
rience, more careful psychiatric evalu- 
ation with particular attention to psy- 
(204) 


chodynamic considerations will estab- 
lish the majority of these problems as 
psychoneurotic reactions resulting from 
environmental or interpersonal factors 
quite apart from the menopause. The 
similarity between the symptoms of the 
“menopausal syndrome” and some of 
the psychoneurotic reactions has been 
noted by others.'^-®'^®’^® 

Previous experimental studies have 
shown that as a group psychoneurotic 
patients, especially those with anxiety 
tension states or neurocirculatory asthe- 
nia, have a significantly lower pain re- 
action threshold than do normal sub^- 
jects or control “non-psychoneurotic” 
patients.^'^'®’^® 

It became of interest to determine 
the relationship of pain perception and 
reaction thresholds of menopausal pa- 
tients to these thresholds of normal and 
psvchoneurotic subjects. 

Method and Experimental Data. The pain 
perception and reaction thresholds were deter- 
mined with Hardy-Wolff-Goodell radiation 
apparatus, which has been described in detail 
elsewhere.8>r2 Briefly, this apparatus is a 
device for delivering a controlled, measured 
amount of radiant heat to the sldn of the 
subject being tested so that the levels at which 
he perceives and reacts to pain can be deter- 
mined. Bv using a pair of lenses the lig"' 
from a rheostatically controlled 500 Waft 
incandescent lamp was concentrated .it the 
testing orifice of the apparatus. The exposure 
time was kept constant at 3 seconds by s® 
electricall}' timed shutter, and each subject 
was repeatedly tested at varying intensities of 
stimulation. . 

Stetistieal validity of the results was tasted 
by determining the critical ratio of the .■ 
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The emotional features frequently 
found in patients wntli peptic ulcer are 
well kno\\'n. There is an increasing vol- 
ume of literature which indicates the 
importance of emotional disturbances 
in tlie patliogenesis and course of pep- 
tic ulcer. Many clinicians feel that psy- 
chodierapy is die most effective means 
of treatment- The dictum “treat the 
entire patient, not only his ulcer” is 
generally accepted. 

In such patients, dien, it becomes 
important to recognize die existence of 
and to determine die nature of abnor- 
mal emotional reactions. For die most 
part, these observations depend upon 
clinical study. Occasionally, laboratory 
aids can contribute information helpful 
to accomplishing a more complete 
evaluation of a patient. Chapman et 
al,^ and Schilling and Musser'’ have 
shown that the pain reaction threshold 
for a group of psychoneurotic patients 
was significantly lower dian in the con- 
trol group. The pain perception thresh- 
olds were identical. Since it is widely 
recognized that patients with peptic 
ulcer have significant emotional prob- 
lems, it was of interest to determine 
if the pain perception and pain reaction 
thresholds of ulcer patients were com- 
parable to “non-neurotic” patients or to 
psychoneurotic patients. 

Method and Experimental Data. The 
pain perception and pain reaction 
thresholds were determined with a 


Hardy-Wolff-Goodell radiation appara- 
tus.'* The technique used has been 
described in detail previously.'* Briefly, 
this apparatus is a device for delivering 
a controlled, measured amount of heat 
stimulation to tlie skin of tlie subject 
so that the levels at which he perceives 
and reacts to pain can be determined. 
By using a pair of lenses the light from 
a rheostatically controlled 500 Watt 
incandescent lamp was concentrated at 
tlie testing orifice of tlie apparatus. The 
exposure time was kept constant at 3 
seconds by an electrically timed shut- 
ter, and each subject was repeatedly 
tested at varying intensities of stimu- 
lation. 

The statistical analyses were made 
by the metliod of determining the criti- 
cal ratio of tlie 2 means. Valuable 
assistance witli this phase was given by 
Dr. J. A. E. Eyster, Professor of Physi- 
ology. 

The subjects were all ambulatory 
patients in the State of Wisconsin Gen- 
eral Hospital. The control group con- 
sisted of 53 “non-neurotic” male pa- 
tients, that is, patients whose illnesses 
were judged to be “organic”. The diag- 
noses included various forms of malig- 
nancy, diabetes, osteoarthritis, anemias, 
and so on. The experimental group 
consisted of 23 men having active pep- 
tic ulcers, 18 duodenal and 5 gastric. 
The average pain perception thresholds 
for the control group was .369 gm. 

( 207 ) 
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In 1935 Gray and Burtness® described 
headaches of a migrainoid character 
tliat were associated M'itli l)}fpog]yce- 
mia. While their criteria for hypo- 
gh'ceinia (60 to 90 mg. per 100 cc. ) 
might be questioned by some-, there 
seemed to be a definite connection 
between die blood sugar level and the 
onset of the attack. Frequent feedings 
of carbohydrate containing foods pre- 
vented the attacks, while they could 
be precipitated by hypoglycemia in- 
duced wnth insulin. Of the 38 patients 
reported, 22 were described as having 
“true migraine”. 

Little attention was given to this 
paper, though Girard and Collesson' 
reported an additional series of cases 
with unilateral headache associated 
with hypoglycemia, and it has recently 
been quoted in one monograph on 
headaches^-. Also Porges'-'’ and later 
Foldes” reported low carbohydrate 
and, or, high protein diets as being 
of benefit in migraine, but apparently 
did not associate this with accepted 
methods of treating spontaneous hypo- 
glycemia-’*’’''’. 

In spite of the fact that the syndrome 
associated with temporary, and fre- 
quently mild, hypoglycemia, attracted 
but little interest a number of studies 
have been done on the more serious 
aspects of prolonged hypoglyce- 


Two cases of migraine w^ere report- 
edly relieved by induced hypogly- 
cemia^'*. A review of this article, how- 
ever, suggests that conceivably these 
could have been histamine headaches 
and tliat relief came from the extra 
amount of adrenalin e.vcreted, as the 
result of the hypoglycemia, rather than 
through tlie antispasmodic activity of 
insulin as postulated by Tillum. 

The author was not familiar w'ith the 
term hypoglycemic migraine® when he 
started holding a headache clinic at 
the University Hospital, Ann Arbor, 
in 1947. He used the term migrainoid 
headache due to hypoglycemia to 
describe the first patient he saw in 
w4iom spontaneous hypoglycemia 
seemed to be the etiological factor in 
recurrent unilateral headaches. A 
summary of this case follows. 

Case Report. Case 1. I. P., a 30 year old, 
white male graduate student, stated that he 
had had “migraine headaches” for 15 years. 
These were preceded by an “aura”. “The 
headache is located most often in the right 
or left tempie area, accompanied by scoto- 
mata and nausea and vomiting and lasts 
from several hours to as long as 3 days. They 
come on 2 to 4 times a month.” The patient 
was treated by 3 different physicians for 
“migraine headache". He had never had any 
relief from ergotamine tartrate. 

The Family History was negative exxept 
that the fatlier, paternal grandmother, and 
two brothers had "migraine headaches.” The 
remainder of the history was negative. 


• Presented at a Regional Meeting of the American Federation for Clinical Research, March 
4, 1949, Ann Arbor, Michigan. 
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Phtj&ical Examination disclosed a blood 
pressure of 140/90, pulse 80, temperature 
98.6, respirations 20. Other than the slight 
elevation in blood pressure the examination 
was entirely normal. 

When seen in the headache clinic the 
patient was loath to discuss his headaches 
and stated that if they could not be stopped 
he planned to drop out of school. After close 
questioning, the following additional informa- 
tion \yas obtained. His so-called “aura" con- 
sisted of a feeling of weakness, drowsiness 
and fatigue; this was followed by nervous- 
ness, tremor and wet palms. Sometimes he 
saw lights during this period. About 1 hour 
after the onset of drowsiness his headache 
would start and build up to a severe unilateral 
tlurobbing ache, usually in either the right or 
left temple. The patient had noticed that 
food prior to the onset of the nervousness 
might abort tlie headache. 

Because of this suggestive story the patient 
was given a glucose tolerance test, following 
a 3-day preparation®, with the following 
values: 

Hours Fasting 1 2 2M 3 3% 4 5 

Bl. sugar 

Mg. p. 100 cc. 59 89 68 47 42 17 33 40 

A headache came on between 3% to 4 
hours and lasted for about 13 hours. 

The very low value of 3/5 hours and the 
fasting value of 59 mg. suggested a neo- 
plasm of the pancreas, so the patient was ad- 
mitted to the hospital and placed on a pro- 
vocative diet consisting of 50 gm. of protein, 
50 gm. of carbohydrate and 1,200 calories per 
day, for 3 days. Fasting blood sugars during 
this time were 72 mg., 73 mg., and 60 mg. 
It was thought that this ruled out a tumor 
and that the patient had rather severe func- 
tional hyperinsulinism. 

On several other occasions the patient had 
glucose tolerance tests but while they were 
low at the 3 to 4 hour period they never got 
below 40 mg. Each time, however, a head- 
ache was precipitated. 

The patient was placed on a diet of 150 gm. 
of protein, 190 gm. of fat, and 75 of 
carbohvdrate. His headaches ceased with the 
exception of 2 attacks, and both followed 
breaks in the diet. 

The patient was seen 14 months later and 
had had no other recurrence, and was re- 
nortedlv free of the attacks 24 months after 
the diet was instituted. 

Because of the dramatic results in this 
case following treatment of the sponta- 
neous hsTDOglycemia, 5-hour glucose tol- 
erance tests were done on patients 'vith 


headaches where there was the slight- 
est possibility tliat spontaneous hypo- 
glycemia existed. All patients were 
prepared for 3 days prior to the tests®. 

Of 92 patients seen over a 17 months 
period, 11 had headaches of a migrain- 
oid nature that seemed to be associ- 
ated with spontaneous hyperinsulin- 
ism. Two of these were further compli- 
cated by having histamine headaches 
in addition. The data concerning these 
patients are shown in more detail in 
Table I. 

Discussion. Cases M. G. and A. F. 
received almost complete relief on the 
high-protein, low-carbohydrate diet, 
but headaches continued to occur at 
infrequent intervals. These seemed 
typical of the histamine types described 
by Horton^®, and responded to hista- 
mine desensitization. It was necessary 
to continue the diet, however, as head- 
aches returned when the diet was dis- 
continued. On the combined type of 
treatment, complete relief was ob- 
tained. 

In the case of C. N., relief was 
obtained for 2 months, at which time 
the patient developed nausea (associ- 
ated with pregnancy) and could not 
take the diet for almost a month. The 
headaches occurred 3 times during this 
period. With the cessation of the nausea 
and resumption of the diet the head- 
aches were again controlled. 

The two cases, V. J. and F. C., had 
hypoglycemic symptoms about the 
time that the low blood sugar was 
reached; neither had headaches associ- 
ated with hypoglycemia or received 
benefit from the diet. This should 
emphasize that the headaches must be 
reproduced during the test before the 
diagnosis can be established. 

It can be seen from Table 1 that 
only 3 patients gave a history com- 
monly associated xvith hypoglycemia, 
namely, weakness, sweating, dizziness, 
and nerx'ousness. In each case the 
patient volunteered the information 
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that an "aura” preceded the headache. 
Close questioning revealed that it was 
not a true “aura". Hypoglycemia was 
suspected in the other cases because 
(he headaches usually started in mid- 
morning or mid-afternoon. In one ca.se, 
E. N.. they only occurred on Sunday 
morning and it* was disco\ered that 


he varied his usual breakfast of bacon 
and eggs to waffles and syrup on Sun- 
day. 

It is believed that the variation in 
time between the lowest blood sugar- 
recorded and onset of the headache 
is due to the fact that the low point 
recorded may not represent the actual 


TABLE I. --DATA CONCERNING 13 PATIENTS 


c 

c 

ts 

a. 

V 

tc 

Sex 

History 

5 Hr. G. T. T. 

Relief with diet 

Follow-up 

Duration of .symptom 
(yenr.n) 

<5 

U 

Nausea anti vomiting 

Type of headache** 

Interval between attacks 
(days) 

Length of attacks 
(hours) 

Previous relief with R 

Lowest blood sugar mg. % 

Time of lowest blood sugar 
(hours) 

Interval between low blood 
sugar & headache (minutes) 

Duration of headache 
(hours) 

IP 

30 

M 

15 

• 

Yes 

Yes 

U 

7 

12:48 

No 

17 

3)i 

30 

12 

Yes 

2 Yrs, 

m 

31 

B 

6 

No 

Yes 

u 

28 

24:48 

Occ. 

30 

3'/, 

No Headache 


FC 

27 

M 

20 

No 

Yes 

B 

2:30 

12 

Occ. 

53 

4 



No Headache 

L 


Ml 

23 

F 

10 

• 

Yes 

Nausea 

U 

30 

12:36 

No 

41 

3 

45 

18 

NC 

18 Mos. 

FR 

21 

F 

14 

Yes 

Yes 

U 

7:14 

4:6 

No 

46 

3 

60 

3 

? 

Did Not 
Return 

EN 

36 

M 

m 

No 

Yes 

U 

7 

12:15 

No 

42 

3 

15 

12 

Yes 

12 Mos. 

^K: 

25 

F 

1 

No 

Yes 

B 

2:7 

12:15 

No 

38 

3)( 

0 

6 

9 

Did Not 
Return 

AA 

45 

F 

35 

No 

Nausea 

B 

21:28 

24:72 

Partial 

39 


120 

12 

Yes 

4 Mos. 

MG 

41 

F 

23 

• 

Yes 

Yes 

U 

7 

24:36 

Occ. 

36 

3‘4 

0 

6 

Partial 

6 Mos. 

CN 

27 

i 

1 

Yes 

Yes 

U 

7:14 

12:48 

No 

31 

3 

15 

3 

Almost 

Complete 

4 Mos. 


40 


B 

Yes 

Yes 

U 

14 

12:72 

No 

32 

3 

30 

4 

Partial 

6 Mos. 



E 


No 

Yes 

U 

21 

12:15 

No 

29 

3)^ 

0 

12 

Yes 

14 Mos. 

oc 

30 

F 

3 

Yes 

Yes 

U 

7 

24 

No 

37 

3)^1 

30 

6 

Yes 

4 Mos. 


* Aura was compatible with symptoms of hypoglycemia 

*• U Unilateral 
B Bilateral 
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lowest blood sugar, but might have 
either followed or preceded it. 

Because of the relatively high inci- 
dence of this condition in a series of 
92 patients suspected of having 
migraine headaches it is felt that this 
syndrome should be stressed to the 
profession. If care is used, a number 
of patients suffering with migraine may 
be correctly classified and treated. 

When the term migraine was 
originally.used, it served a definite and 
useful purpose in describing a syn- 
drome. Many types of headaches which 
formerly would have been diagnosed 
as migraine are now known by a more 
descriptive name, such as histamine 
headache^®, Williams headache^®, and 
others. It is within the realm of possi- 


bility that eventually the term migraine 
■will no longer be needed, as the 
etiology for the several syndromes that 
are grouped imder this term will be 
known. Because of this it is suggested 
that the term migraine be abandoned 
in the syndrome described, and that 
hypoglycemic encephalalgia or hypo- 
glycemic headache be used. 

Summary. 1. Eleven cases of recur- 
ring migrainoid headaches associated 
with functional hyperinsulism are 
reported. 2. Improvement or complete 
relief followed therapy with high- 
protein diet. 3. The term hypoglycemic 
encephalalgia or hypoglycemic head- 
ache is suggested as being most 
descriptive of this syndrome. 
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The recent work of Blakemore and 
Lord’-'’, Gross’", Crafoord””, and Blalock 
and Taussig-’’ has given impetus both 
to e.vperimental vascular surgery and to 
its clinical application. At present, the 
most vital of all vascular structures, the 
heart, is receiving the direct surgical 
attack tliat Allen and Graham-, Cut- 
ler’’, and Beck” advocated and pio- 
neered. The amazing ingenuity of 
Beck’”, Blalock and Hanlon’®, Mur- 
ray””, and Jongbloed”” portends the 
alleviation of many heart ailments here- 
tofore considered not amenable to 
surgical or medical treatment. The sur- 
gery for relief of the complications of 
patent ductus arteriosus, coarctation of 
the aorta and the tetralogy of Fallot is 
in reality surgery of the great vessels, 
although pulmonic stenosis has received 
some attention from the cardiac ap- 


proach. It is, therefore, the intention 
of tlie writer to review’ recent develop- 
ments of surgery of the pericardium 
and heart. Topics to be considered 
include: 

I. Trauma, a, Contusions, b, Pene- 
trating wounds, c. Foreign bodies. 

II. Tumors. 

III. Pericarditis, a, Acute, b, Chronic, 

IV. Myocardial Ischemia. 

V. Valvuloplasty. 

VI. Septal Defects. 

VII. Miscellaneous Adjuncts, a. 
Anesthesia, b, Resuscitation, c, Cardiac 
catheterization, d, Mechanical heart. 

Trauma. Contusions of the heart 
result from direct blows over the pre- 
cordium. The most frequent causes are 
falls and trauma from steering wheels 
of automobiles. Patients who complain 
of chest pain following such accidents 


* Published with permission of tire Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the author. 
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should be examined and have an elec- 
trocardiogram and chest plate taken. If 
no early findings are noted but discom- 
fort persists, or if the initial tracing 
reveals myocardial damage, further 
tracings should be taken. This routine 
will occasionally demonstrate early 
development of an aneurysm of the 
ventricle. Such aneurysm may be bene- 
fited by surgery, using either fascia 
lata^ or 1.3 mil du Pont Polythene, type 
NV-7-14'^. Poppe and de Oliveira"^ 
have reported the use of cellophane 
wrapping for syphilitic aneurysms and 
we have used the previously mentioned 
polythene at the Dearborn Veterans 
Hospital in 1 fusiform abdominal aortic 
aneurysm and in 1 saccular aneuiy'sm 
of the aortic arch. All symptoms were 
relieved in the first case; the second is 
too recent to evaluate. In using this 
material over a ventricle, the edge of 
the polythene is sutured to the myo- 
cardium at the base of the aneurysm 
and the subsequent reaction results in 
shrinking of the lesion by fibrosis from 
wthout. 

Penetrating wounds of the heart 
result usually from stab or gunshot 
injury. It was the successful suture of 
a stab wound of the heart by Rehn"® 
in 1896 that proved the heart would 
tolerate surgical interference. Prior to 
that time anyone suggesting surgery 
of the human heart was looked upon 
with disfavor. At present it would seem 
that the mortalitv from penetrating 
heart wounds in patients arriving alive 
at a well-cquipned hospital should not 
be e.\ce.ssive. The report of Bigger’ ’ in 
1939. including cases from members of 
the American A.ssociation for Thoracic 
Surgetw, .American Surgical Association, 
and Southern Surgical Association, 
revealed a 507 mortality in 141 ca.ses. 
Blau-’ reported a 22.27 mortalitv in 27 
cases. Samson'’* recentlv reported on 75 
patients with wounds of the heart and 
pericardium resulting in 407 mortality. 
This latter group, however, concerned 


war wounds and 18 of the 75 patients 
had wounds elsewhere in addition to 
tire thoracic cage. 

The surgical treatment of penetrating 
heart wounds is imperative in cases 
persistently bleeding and having a peri- 
cardiopleural communicarion. An occa- 
sional case with cardiac tamponade 
may be treated with aspiration and 
observation but even such a case occa- 
sionally bleeds several days after the 
injury. In general, therefore, it is wise 
to explore the case of tamponade as 
well as in case of persistent bleeding. 
General anesthesia with tracheal intu- 
bation has been most satisfactory. Sur- 
gical approach through the left paras- 
ternal route will be adequate in most 
cases. If the pleura is intact it may be 
pushed off the pericardium. The trans- 
pleural route, however, is faster and if 
speed is essential one should not hesi- 
tate to open the pleura. The pericar- 
dium is widely opened and an apical 
suture inserted if traction is desired. 
Silk or cotton is used to close the heart 
wound. The pericardium is partially 
closed, allowing drainage either into 
the pleural space or into the space 
beneath the incisional flap. Aspiration 
of either of these spaces will remove the 
postoperative fluid as required. 

Knowledge of the handling of foreign 
bodies in or in close relation to the 
heart has been increased by the recent 
reports of Harken’®'''’''’''. Indications for 
removal of intracardiac foreign bodies 
are clearly defined'’®. These include: 

1, To prevent embolus of the foreign 
body or the associated thrombus; 2, to 
reduce the incidence of bacteria) 
endocarditis; 3, to avoid recurrent 
pericardial effusions; 4, to diminish 
the danger of myocardial damage with 
.subsequent rupture or myocardial 
aneurs'sm. 

Most foreign bodies of the heart 
result from penetrating wounds. Rarelv 
a missile is carried by embolism. Of 
interest too, is the movement of a mis- 



SURGEUV 


215 


sile in the heart itself. Harken operated 
upon one patient 3 times because of 
mo\-emcnt of the missile from one 
chamber to another during operative 
manipulation. Of 56 foreign bodies in, 
or in relation to the heart, 13 were 
removed from the chambers of the 
heart. There were no deaths in this 
.scries in contrast to 8 deaths in 47 
operations in the collected cases re- 
ported by Decker'*. The methods of 
localization, operative approaches and 
technic of removal are clearh' presented 
by Harken"*^. 

Tu.\rons. Primary tumors of the heart 
are much less frequent tlian metastatic 
ones. The most frequent primary 
tumors in order named are mv.vomata, 
sarcoma, rhabdomyoma and fibroma. 
The rarity of ante mortem diagnosis of 
intracardiac tumor is emphasized in the 
report by Mahaim''*'. This author found 
only 3 established j)rimar\' intracardiac 
tumors recognized before death. Many 
of these tumors, particularly the my.x- 
omas. are pol\'poid and intra-auricular, 
Thev would, therefore, be accessible to 
the surgeon which fact calls for a 
tircater effort toward early diagnosis of 
this lesion. Findings suggestive or diag- 
nostic of a tumor of the heart include 
unexplained and intractable cardiac 
failure, unexplained changes in cardiac 
rhythm, sounds, and size as judged by 
physical, Roentgen and electrocardio- 
graphic examinations, and development 
of a hemorrhagic pericardial effusion. 

PEniCARDiTts. Acute suppurative peri- 
carditis has become less frequent with 
the advent of penicillin and the sulfa 
drugs. Since the disease is secondary to 
a streptococcal, staphylococcal or pneu- 
mococcal pneumonia in most instances, 
adequate treatment of the primary con- 
dition usually prevents the pericardial 
involvement. Although instances of 
recovery following aspiration and 
penicillin instillation have been re- 
ported^'”^-''”, the danger of tamponade 
i,s always present and thi.s complication 


calls for close observation. If aspiration 
does not give immediate and adequate 
relief, surgical drainage should be per- 
formed. Brock"- states that the gravitj'^ 
of the patient s condition should not be 
allowed to decide against operation 
but rather in favor of it. Carter^® men- 
tions the impossibility of removing by 
aspiration performed anteriorly the pus 
which uniformly collects behind the 
heart. He states the most effective 
treatment is early surgical drainage 
supplemented by intensive systemic 
and local penicillin therapy. The surg- 
ical drainage is easily accomplished by 
a left parasternal incision. The peri- 
cardium is widely opened and sutured 
to the skin. Intrapericardial irrigation 
is then performed as needed. 

The etiology of chronic constrictive 
pericarditis is generally thought to be 
tuberculosis. Blalock and Levy^® found 
positive evidence of tuberculosis in 24 
of 42 patients with pericarditis. Paul, 
Castleman and White'^® proved tuber- 
culous involvement in only 9 of 53 
patients. Many of the patients with this 
disease are in such serious condition 
that pcricardiectomy must be delayed. 
Conversely the longer the heart laljors 
under the strain of its fibrous or calcific 
coating, the more atrophy will be pres- 
ent in the myocardium. It is probably 
this long disuse atrophy that causes the 
permanent damage which will not 
allow a cure in some cases. At the pres- 
ent time it is hoped that streptomycin 
therapy will allow an earlier surgical 
approach which should give improved 
results. Since Hallopeau^* first per- 
formed pericardiectomy in 1910, 
authors of large series have shown the 
steadily decreasing operative mortality. 
In 1939, Heuer and Stewart®® collected 
143 cases with 34% cures and 17.5% 
improved. The operative mortality was 
32.8%. Harrington®® reported a 25% 
mortality in 24 cases and in discussion 
of Harrington s paper, Beck® reported 
a .series of 46 patients with 19.6% oper- 
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ative mortality'; 71% were cured or 
improved. A more recent report by 
Heuer and Stewart®" cites 18 cases with 
no deaths and 83% cured or improved. 
The operative technique has been well 
described by Churchill-", Heuer and 
Stewart"'*, Harrington®^, Blalock and 
Burweil"^ and needs no amplifying. 

Myocardial Ischemia. The surgery 
for alleviation of angina pectoris and 
coronary' aclerosis is most challeng- 
ing of cardiac problems. The great 
number of deaths from this disease 
every year attest to its importance. 
From a more selfish vie\vpoint, phy- 
sicians are at or near the top in group 
incidence of coronary' disease. H. L. 
Smith®^, in a review of tire case records 
of 307 doctors, 300 bankers, 304 lawy'- 
ers, 306 clergymen, 306 laborers, and 
308 farmers of about the same age, 
found 33 instances of coronary sclerosis 
in physicians widr only 16 in bankers 
the next highest group. Certainly these 
figures are subject to statistical error, 
but the difference in the rate of inci- 
dence is so striking that it appears 
significant. 

The surgical approach to the treat- 
ment of angina pectoris and myocardial 
ischemia has included s}'mpathectomy. 
total thyroidectomy and revasculariza- 
Hon procedures. Sy'mpathectomy' has 
been ad\'ocated and performed to vary'- 
ing extents since Jonnesco®* first per- 
formed the operation. Although various 
writers have stressed necessity' of 
excision of different segments of the 
cervico-thoracic chain, unilaterally or 
bilaterally, Heinbecker’s’’’^ work indi- 
cates the superiority' of excision of the 
inferior cervical sympathetic ganglia: 
the first, second and third thoracic 
ganglia which suffices to intemipl the 
pain pathway s. MTite''® advocates para- 
vcrtcliral alcohol injection of dorsal 
sy mpathetic ganglia and this procedure 
has given verv good results in the hands 
of those performing the procedure fre- 
quentlv. The occasional associated 


neuritis may be, how'ever, a very' annoy- 
ing sequel. Total tliy'roidectomy', while 
lowering tlie metabolic activity' of the 
body', has the disadvantage of produc- 
ing hypothyroidism witli its disturbing 
symptoms. The chief argument against 
both sympathectomy and thy'roidectomy 
is that the fundamental problem, poor 
blood supply to a local area, is not 
relieved. In coronary sclerosis we are 
fortunate in that at first the larger 
arteries are narrowed and later die 
smaller vessels. Thus tliere is ample 
opportunity to dev'elop a collateral 
blood supply after the disease has 
started. 

Since 1932 Beck® has pioneered 
in revascularization experiments and 
their clinical application. Early experi- 
ments made use of grafts of pectoral 
muscle, pericardium and mediastinal 
fat to abraded my'ocardium. Later, 
powdered asbestos w'as placed on the 
abraded surface to create an inflamma- 
tory' reaction in which collateral supply' 
dev'eioped. By suturing the pericardium 
or mediastinal fat to this abraded area, 
an adhesive pericarditis was created 
through which a new vascular supply 
was av'ailable to the myocardium 
FeiF^, in 1943, appraised the results of 
Beck’s operation in 37 patients since the 
first patient was operated upon in 193o. 
Of 2-3 patients surv'iving the operation, 
14 w'ere still living with 9 in excellent 
condition and 5 in good condition. 

O’Shaughnessy®® reported his first 
experimental work on this subject in 
1936. He demonstrated the presence of 
a collateral circulation by dy'e injection 
through the v'cssels of tissue grafted to 
the myocardium. In several subsequent 
reports, O’Shaughncssv and associ- 
ates'*® '*'* reported tfieir results with 
cardiomentopexv and cardiopneumo- 
pexy. The final report'*'* recorded 20 
patients operated upon with 12 still 
living. .Most of these were improved 
and the majoritv were hack at work 
Others who did similar work include 
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Lezius’’-'*, wlio accomplished cardio- 
pneumopexv experimentally, and Car- 
ter*''', who reported 2 cases of cardio- 
pneumojjexy, one decidedly improved 
and the other dying of massive infection 
in 36 hours. 

Heinbecker and Barton'’*’ have men- 
tioned the danger of producing ven- 
tricular fibrillation in tlie human during 
suture of a graft to the myocardium. 
E.xjjerimentally in dogs they used 
to 5? sodium morrhuate injected in the 
pericardial sac, adding 0.4 gm. pow- 
dered aleuronat. The pericardium was 
then sutured to retrosternal tissues. In 
periods warying from 3 u'eeks to 6 
months the dogs were autopsied and 
new collateral blood supjaly was 
demonstrated. 

Thompson and Raisbeck^" used talc 
powder to induce an adhesive pericar- 
ditis and Thompson'"’ reported the 
results of this operation upon 38 
patients. More than 1 ^% had good to 
e.xcellent results. Four patients were 
classed as poor results after showing 
less tlian 335? improvement postopera- 
tively. 

In 1946 Fauteux^'’ published experi- 
mental work on dogs in which the 
internal mammary artery was anasto- 
mosed \vith the coronary sinus. This 
procedure prevented the ventricular 
fibrillation so frequent following liga- 
tion of the left circumflex coronary 
arte^J^ Tlie same author'” reported 
experimental and clinical work on cor- 
onary disease in which he ligated the 
great coronary vein and resected tlie 
nerve pathways at the root of the aorta 
and the origin of the coronary arteries. 
Sixteen patients were operated upon 
with 3 operative deaths. Eleven patients 
were alive with objective improvement 
3 months to 6% years after surgery. 

Vineberg and Jewett®” recently 
reported experimental work in implan- 
tation of the left internal mammary 
artery into the muscle of the left ven- 
tricle. In 9 of 10 animals the artery 


revascularized the surrounding struc- 
tures and in 2 instances there was 
anastomosis directly with the left cor- 
onary artery. 

In 1943, Roberts, Browne and Rob- 
erts"® accomplished a unique procedure 
in animals by connecting the coronary 
sinus to tlie brachiocephalic, subclavian 
or innominate artery via a glass can- 
nula. Subsequent e.xamination of the 
myocardium revealed a complete injec- 
tion of tlie capillary network after dye 
was injected into tlie coronary sinus. 

In May, 1948, Beck and associates^® 
reported their newest attack on tlie 
treatment of angina pectoris and 
myocardial ischemia. The objective of 
the new procedure is to improve the 
o.xygen supply to tlie myocardium by a 
shunt of arterial blood back through 
the coronary sinus and coronary veins. 
In the dog tlie coronary sinus is a very 
thin-walled structure and presents tech- 
nical difficulties in performing a blood 
vessel anastomosis. To overcome tliis 
difiiculty Beck utilized a 2 stage opera- 
tion, tying off the coronary sinus at the 
first operation and 10 days later 
anastomosing a segment of carotid 
artery from the aorta to tlie coronary 
sinus. The 10 day wait was sufficient 
for tlie ligated sinus to thicken enough 
to allow easier suturing. In 50 normal 
dogs tliere was 70% mortality following 
ligation of the left descending coronary 
artery. In 10 dogs ivith patent grafts 
from the aorta to the coronary sinus, 8 
survived, one dying 8 days after opera- 
tion, the other dying in 13 days. In this 
latter group there was no evidence of 
extensive myocardial damage, whereas 
die control group showed considerable 
myocardial injury. In the Wayne Uni- 
versity Surgical Research Laboratory, 
Dr. Prescott Jordan and ' I have per- 
formed Dr. Beck’s 2 stage operation 
upon 60 dogs. The external jugular vein 
was utilized for the free graft. Technical 
difficulties were gradually overcome at 
the expense of a high mortality. The 
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last 15 dogs however, have survived the 
procedure and appear to be in good 
health. After 2 years of experimental 
work Beck operated upon the first 
patient, January 27, 1948. In the human 
the procedure can be done in one-stage, 
since the coronary' sinus is larger and 
consequently easier to handle. In the 
first patient a segment of brachial 
artery was used for the graft and the 
operative procedure vv'as completed but 
death occurred in the immediate post- 
operative period. In February of 1949, 
Beck'' reported 2 similar procedures 
and presented the patients in their 
early postoperative period during the 
6th Annual Assembly of the Central 
Surgical Association. In these latter 2 
cases a vein was utilized for the graft. 

In order that the proper patients be 
chosen for such an operation it should 
be remembered that medical means 
will alleviate the symptoms in all but 
10 to 207 of persons having angina 
pectoris and coronary sclerosis. Also it 
should be realized that at present some 
of the above-mentioned procedures are 
technically difficult and with poor risk 
patients tlie mortality will be high. In 
revascularization, hovv'ever. there is a 
rav of hope that with added e.vperience 
the operative risk will be reduced. It 
is our oninion that the princinle which 
Dr. Beck has demonstrated of the util- 
ization of a vein to cany arterial blood 
to an ischemic area is an important one. 
Johnston and Jordan’'’'* have successfully 
utilized this principle in treating oblit- 
erative arterial disease in patients and 
have tested its efficacy in laboratoiy 
animals. 

^'AL^’UI.opI.A.STy. Experimental cardiac 
valvular surgerv has made considerable 
nroctre,ss since the end of World War IT. 
Earlier in the centurv the foundation 
for this work was laid bv Sir Lauder 
Bninton’s-' suggestion that surcerv 
might relieve the svmntoms of mitral 
stenosis. Much controversy was created 
bv this sugge.stion. the opponents claim- 


ing any incision in the stenotic mitral 
funnel would only create mitral insuf- 
ficiency. After much laborator}’ re- 
search, Cutler®* in 1923 performed the 
first operation in the human for relief 
of mitral stenosis. In this instance a 
valvulotome was inserted tlirough the 
ventricular wall and incision of the 
valve performed blindl)'. This patient 
Uved 4^ years and was believed to have 
been improved. Two more patients 
were operated upon vv'ith the valv'ulo- 
tome before Cutler, Levine and Beck®' 
first used their cardiovalvailotome, an 
instrument somewhat similar to one 
previously invented by Allen and Gra- 
ham'. This was used in 7 patients but 
only the first survnv'ed. ’These cases 
'vere summarized bv Cutler and Beck*® 
in 1929. 

A vety' ingenious method for heart 
v'alv'e reconstruction w’as worked out 
by Murray, IVilkinson and MacKenzic'’’'' 
in 1938. ’This group desired to replace 
one of the diseased mitral cusps with 
a new cusp fashioned from a vein. They 
used a cardiovalvulotome and ap- 
proached the lateral cusp of the mitral 
valve through the left auricular append- 
age. ’Tlie lateral cusp was resected and 
tlie instniment withdrawn. A segment 
of external jugular v'ein vv'as then 
inverted and drawn into a cannula 
which was inserted through the ^vaiI 
of the left ventricle in the position of 
the resected cusp. Tlic cannula was 
then withdrauTi. !ea\'ing the %’ein in 
the position of the cusp and allowing 
the vein to lie anchored by sutures to 
both .sides of the left ventricle. .*\t the 
time of the report, 2 animals so treated 
were living and well. 

An approach to the treatment of 
aortic .stenosis was reported bv Smithv 
and associates'® ''. For the relief of this 
lesion a vahailotomf was utilized and 
the anproach was through the aorta. 
Bleeding was so troublesome that an 
approach through the ventricle was 
wbseqiiently attempted and this was 
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found to be safer and simpler. The 
authors, ho^ve^'er, recognized the 2 
difEculties witli simple incision of the 
stenotic vah'e, namely, creation of 
aortic insuflBciency early, and later, fol- 
lo^^'ing fibrosis and repair, re-establish- 
ment of the aortic stenosis. 

Campbell-'’ reported tlie use of an 
artificial aortic \ alve made of a plastic, 
metlryl methacrylate. Anotlier approach 
and perhaps the most practical to date, 
is tliat of Templeton and Gibbon®'* in 
reconstruction of a tricuspid valve. 
Under direct vision tliese workers 
removed a valve cusp and reconstructed 
a new -v'alve wth eidier pericardium or 
vein. In this procedure botli vena cavae 
and tlie azygos veins were clamped and 
tlie right auricle tlien opened. It was 
found tliat die dog widistood clamping 
of die vena cavae and azygos return 
for 9 minutes \\ddiout serious result. 
During this 9 minute period the valve 
cusp was carefully removed. The auric- 
ular incision was dien closed and a new 
valve of pericardium or vein cut to re- 
place the piece removed. Fine silk 
sutures were dien placed in die valve 
with die needle remaining on each 
suture. Clamps were again placed on 
the veins and die auricular incision re- 
opened, The new valve was quickly 
sutured into position and the auricle 
again closed. Of 19 dogs so treated, 7 
were living and well 3 weeks after ope- 
ration. Five survived 7 to 11 months 
after operation. Morphologically and 
clinically the pericardial valves gave 
results superior to the vein grafts. 

The direct attack on pulmonary 
stenosis has recently been advocated 
by Brock-2. He states, however, that 
the operadon he proposes would re- 
lieve valvular stenosis but not sub- 
valvular stenosis, which Blalock^® em- 
phasizes is the usual defect in die 
tetralogy of Fallot. His experience, too 
is in keeping with that of several pre- 
vious workers who attempted to use 
the cardiovalvulotome but usually had 


to resort to the blind approach with the 
tenotome alone. Three patients were 
subjected to the procedure of incising 
the stenotic orifice and dren widening 
the opening widi forceps. The first 
padent developed a saddle embolus 
postoperatively but recovered. The 
second made an uneventful recovery 
and die diird developed a hemiplegia 
that is slowly improving. All the 
patients ha\'e shown improvement from 
the stenosis but the follow-up is of 
short duration. 

It is interesting to note that most of 
die early investigators considered the 
pathological in contrast to the patho- 
physiological approach which Harken'*® 
and associates have recendy brought 
forth. The early concept was that sten- 
osis of a valve was present and, there- 
fore, in some manner that valve should 
have a large opening. Harken’s study 
offers criteria for selecdon of padents 
and die operadon best suited for each 
group. Padents selected for operation 
should have cardiac symptoms of mitral 
stenosis unrelieved by any medical 
therapy. They should also have a mini- 
mum of involvement of other valves and 
no active rheumadc disease. A classi- 
fication of patients into 3 groups based 
on their physiological state has been 
made. Group A includes patients with 
a low resting cardiac output, which is 
unchanged or even decreased on exer- 
cise, and widi an elevated pulmonary 
artery pressure. Mitral obstruction is 
paramount in this group and valvu- 
loplasty should be helpful. Group B 
differs in that the resting cardiac out- 
put is within normal limits and usually 
increases with exercise. Here mitral 
regurgitation may be more important 
than stenosis. If the left auricular pres- 
sure is high, as measured by cardiac 
catheterization, an artificial interatrial 
septal defect may be beneficial. Group 
C includes patients whose symptoms 
of pulmonary edema and rapid heart 
action are not controlled by medical 
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treatment. Harken adNases 2-stage bi- 
lateral resection of the inferior cer\acal 
ganglion and the first 4 or 5 dorsal 
sympathetic ganglia. He states that the 
relief aEorded is through the produc- 
tion of a slower heart rate or through 
the interruption of pain fibers. 

Five operations have been performed 
for patients in these various groups: 
2 valvoiloplasties, 2 artificial interatrial 
septal defects and 1 denervation. One 
death occurred 24 hours after a val- 
vuloplasty. The objective attitude of 
this report is so notewortliy that it 
would seem to be a yardstick which 
might be used to evaluate future sur- 
ge!}' of vah'ular disease. 

Septal Defects. As mentioned by 
Harken and associates®®, production of 
an artificial septal defect would benefit 
certain types of heart disease. Most 
pronounced would be the need of an 
interatrial septal defect for high left 
auricular pressure and pulmonary ve- 
nous hypertension. Conversely, closure 
of a congenital septal defect may 
change a cardiac cripple into a normal 
person. Ingenious methods of produc- 
ing septal defects ha\’e been described 
by Cohn-®, and by Blalock and Han- 
lon^® The latter have resected about 2 
cm. of interatrial septum under direct 
vision in 31 dogs. Exposure is obtained 
from the right side and a special curved 
clamp used on the right auricle. Bleed- 
ing from the pulmonar}' vein is con- 
trolled by traction sutures and the ^•ein 
and auricle are opened under direct 
%'ision. Tlirce dogs died 1 to 9 days 
after surger}’ and others were autopsicd 
at vaiy'ing intervals. Five were still 
alive and well 4 to 7 months after the 
operation. 

Tlie most spectacular work in repair 
of septal defects has been reported by 
Murray'''. On the basis of excellent 
anatomical knowledge he has passed 
a needle across the septal defect and 
then pulled fascia lata, silk or cotton 
after. A combination of factors comes 


into play in closing the defect. The 
suture substance, especially fascia, is 
of much importance but tire narrowing 
of the anterior-posterior diameter of the 
heart when the suture is snugged up is 
also important. A third adjunct is the 
thrombosis around the suture mate- 
rial. "When it is thought tliat sufficient 
thrombosis has taken place, heparin is 
started and further tlrrombosis thus 
avoided. Murray®® reported on 14 septal 
repairs, 5 interauricular and 9 inter- 
ventricular: 1 interauricular case died, 
2 had good results and 2 were im- 
proved; 5 interventricular patients sur- 
vived. In general tlie results have been 
very encouraging and certainly deserve 
further clinical trial. 

Miscellaneous Adjuncts. The anes- 
thesiologist can carry on artificial pul- 
monary ventilation quite satisfactorily. 
However, artificial circulation is but in 
the experimental phase notwithstanding 
the operator’s ability to massage the 
heart for a limited time. In the eEorts 
to protect the heart against severe cir- 
culatory depression, against reflex de- 
pression and cardiac arrest, anesthesia 
becomes particularly important. Any 
prophylaxis that can be eEcetive is 
certainly more valuable than elaborate 
plans for cardiac resuscitation. Tlic 
basic principles that should be followed 
are: 1, maintenance of adequate and 
complete oxygenation; 2, use of drugs 
that depress the vagal activ'ity and par- 
ticularly do not stimulate this activity; 

3, constant and careful obsen'ation of 
the circulation by following the pulse 
and blood pressure plus direct obseiv'a- 
lion of cardiac activity during the sur- 
gery. 

If manipulation is shown to produce 
marked cardiac slowing or irregularity, 
steps should be taken to depress tbe«> 
reflexes. It has been found that certain 
anesthetic drugs arc effective in de- 
pressing both parts of the autonomic 
ncrxous system. Ether is a goocf ex- 
ample. This drug causes depression of 
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vagal acti\'ity and is ^'er)^ safe for 
cardiac surgery wlien properly admin- 
istered. On tire other hand, cyclopro- 
pane has been found to increase the 
sensitivity of cardiac autonomic mech- 
anisms to drugs such as epinephrine 
while tlie vagal activit)' is not depressed 
ill many patients. If cyclopropane is 
to be emplo)'ed during cardiac surgery, 
some drug must be administered to 
depress tlie i^agal reflexes. This can be 
done satisfactorily with intrai'enous 
procaine gii'en continuously in 1% con- 
centration. Howei'er, the safety of tliis 
plan is probably not equal to that of 
using ether. In tlie administration of 
any anesthetic drug to patients with 
lowered cardiac reserve, tlie skill and 
e.xperience of the anesthetist is highly 
important. Exqierience has shown that 
drugs administered slowly have an 
added safety factor since one may 
check changes in circulation rapidly 
enough to stop use of tlie drug. All too 
often circulatory changes go unnoticed 
and deatlis are described as being sud- 
den. This is sometimes because of 
failure to observe changes that have 
occurred at some previous time. Sudden 
cardiac deaths are either due to reflex 
activity, sudden overdose of the anes- 
thetic drug or sudden drops in blood 
pressure, particularly in patients who 
have been accustomed to hypertension. 
All these conditions become much more 
important in circulatory and cardiac 
surgery where severe hemorrhage may 
occasionally occur. 

Occasionally the catastrophe of ven- 
tricular fibrillation or cardiac standstill 
wiU occur even with good anestliesia. 
If this happens, a method of resuscita- 
tion should be in tlie armamentarium of 
anyone doing cardiac surgery. Re- 
suscitation has been studied by many 
workers. Markowitz and Mann®'’ dem- 
onstrated the necessity of suitable intra- 
coronary pressure in resuscitation of 
both a rabbit and a dog heart. After 
bleeding the organ completely and 


removing it from tlie chest Ringer- 
Locke’s solution was forced into the 
coronary vessels and tlie heart beat re- 
sumed, A solution containing epine- 
phrine 1 to 50,000 was similarly used 
and the dog heart resumed beating. A 
similar resuscitation experiment with 
human hearts was reported by Kountz®-. 
He studied 127 hearts obtained 5 min- 
utes to 6 hours after deatli. Sixty-five 
of the hearts revived to ventrieular con- 
traction and 48 of the 65 developed 
regular cardiac mechanism for at least 
2 hours. Hooker®® induced ventricular 
fibrillation in dogs by electric shock. 
He then injected into tlie carotid artery 
a solution eontaining KCL 0.5%, NaCl 
0.9% and heparin 0.25 mgm. per cc. in 
tlie amount of 13 cc. per kg. of body 
weight. This solution caused inhibition 
of the heart. After one minute a solu- 
tion of CaClo 0.023%, NaCl 0.9% in the 
amount of 25 cc. per kg. was injected. 
This solution by washing the excess of 
potassium out of the coronary bed and 
substituting a relative excess of CaCl 2 , 
stimulated a normal cardiac rhythm. 
Wiggers®^ observed tlie change from 
venb'icular fibrillation to normal 
rhythm following passage of a 60 cycle 
A.C. current with minimal strength of 
1 amp. This change, however, would 
only occur when coronary occlusion 
was not present and if fibrillation had 
not been present more than 2 to 3 
minutes. 

Resuscitation of the human heart has 
been reported many times following 
cardiac standstill but very rarely after 
ventricular fibrillation. Dripps, ef ak®® 
described the successful revival of 4 
patients in whom cardiac standstill had 
occurred. In 2 cases the delay of 5 to 8 
minutes before tlie heart was manually 
compressed caused irreversible brain 
damage from which the patients ex- 
pired ZVz and 4 days postoperatively. 
The other two patients survived and 
were mentally normal at the time of the 
report. Other cases of successful resus- 
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citation following cardiac standstill 
have been reported by Adams and 
Hands and by Touroff and Adelman®®. 
In 1941 Beck" reported defibrillation 
in 2 patients but botli died \vitli 4 
hours after restoration of normal 
rhythm. Beck, Pritchard, and Feil*- de- 
scribed the only successful case of com- 
plete recovery from ventricular fibrilla- 
tion in December, 1947. The technique 
used by this group includes use of a 
mechanical respirator, vigorous and 
regular cardiac massage, injection of 
5 cc. of 1 % procaine into the right 
auricle or \'entricle, and momentary im- 
pression of an alternating current of 
110 volts with 1.5 amp. through the 
heart. 

Further e.\-perimental observations 
have been presented by Fauteux^^. 
Effectiveness of electric shock was con- 
firmed. Members of the cocaine group 
were found to be of value in reducing 
cardiac hyperirritability. Intra-auricular 
injection of 1 to 2 cc. of 0.3% barium 
chloride was found to be of value in 
increasing cardiac tone and the giving 
of blood intra-auricularly aided in pre- 
\'ention of circulatorj' failure. 

New and improved aids for diagnosis 
of uncommon cardiac disorders are now 
being utilized to substantiate or refute 
clinical impressions. Angiocardiography 
as described by Robb and Steinberg"' 
is now performed in many hospitals. 
Catheterization of tlie heart, introduced 
by Forssman^® of Germany in 1929, and 
practiced first in tliis countiy by Cour- 
nand and Ranges-'*, has allowed 
pressure measurements and chemical 
studies from the various heart cham- 
bers. Its usefulness in Uie diagnosis of 
\arious cardiac malformations has been 
reported by Bxirchell and associates”^ 
who based their findings on 60 catheteri- 
zations. A later report'* from the same 
clinic describes application of an oxi- 
meter for detennination of the oxygen 


saturation of whole blood during car- 
diac catlieterization. Radiocardiography 
is the latest adjunct for tire diagnosis 
of cardiac disorders. This consists of 
the graphic recording of tire passage of 
radioactive blood tlrrough tire cardiac 
chambers by means of a specially con- 
structed ink-writing Geiger-Mueller 
counter. Prinzmetal and associates"'* 
have reported the first clinical studies 
xvith radioactive sodium. 

Technical difficulties inherent in the 
handling of a sensib've beating organ 
such as the heart have undoubtedly de- 
layed the progress of cardiac surger)'. 
The possibility of oxygenating the 
blood mechanically was approached by 
Gibbon^'’® in 1939. Animal e.xperiments 
demonstrated that the pulmonar)’ ar- 
tery could be safely occluded for from 
10 to 25 minutes witir the circulation 
being maintained by the o.xygenator. 
An improved device capable of intro- 
ducing as much as 30 cc. of oxygen per 
minute until rates of blood flow of 100 
cc. to 500 cc. per minute was described 
by this same investigator*'’'* 2 years 
later. Jongbloed®'' has recently an- 
nounced the development of an appa- 
ratus wliich allows him to operate 
upon the hearts of dogs for an hour 
with the artificial system handling flic 
pumping and o.xygenating of the blood. 
The heart and lungs both have re- 
turned to nonnal status after this hour 
of non-function. With this experimen- 
tal work for a basis, Jongblocd has 
constnictcd an artificial heart-lung sys- 
tem for use in the human. This .system 
functions semi-automatically and has a 
capacitv of more than 10 liters per 
minute. If such an apparatus proves 
feasible the direct surgical approach 
to cardiac tumors, valvular disease, 
septal defects and removal of mural 
thrombi is much closer than most of 
the medical profession woiikf fiefieve. 
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Ophthalmoscopic evaluation of hy- 
pertensive cardiovascular disease has 
taken on increasing significance since 
die advent of surgical dierapy. The 
proper interpretation of lesions in the 
ocular fundi may be of considerable 
aid in die selection and rejection of 
candidates for sympadiectomy. The 
observation of die effect of the opera- 
tion on the retinal lesions themselves 
is of great interest. It is perhaps 
especially important to study the sig- 
nificance of recession of die retinal 
lesions widi regard to the future prog- 
nosis of the patient. 

The types of surgical treatment of 
the sympathetic nervous system used 
in an attempt to benefit patients who 
have high blood pressure have been 
many and varied. The first such opera- 
tion was performed by Roivntree and 
Adson"^"^ in December, 1924, at wliich 
time diey carried out a bilateral lum- 
bar sympathetic neurectomy on a 
patient who had malignant hyperten- 
sion. Briining^ had previously sug- 
gested sympadiectomy for this disease, 
but had not operated on any patients. 
Following this initial impetus there 


has been a progressii'e evolution in 
the types of procedure carried out. All 
these operations are directed toward a 
denervation of die splanchnic bed. At 
present, die majority of surgeons do a 
bilateral resection of die greater, lesser 
and least splanchnic nerves, a partial 
celiac ganglionectomy, and extirpation 
of the sympadietic ganglia and trunks 
from the fourdi or fifth thoracic seg- 
ment down to the second or third 
lumbar segment. Some surgeons do 
even more extensive sympathectomy, 
but odiers believe that less resection 
is sufficient in some patients. There 
are, of course, many variations in 
Opinions and in techniques, too numer- 
ous to detail here. 

There is still controversy as to the 
relative value of surgical and medical 
treatment of hypertension, in the alle- 
viation of symptoms, lowering of the 
blood pressure and prolongadon of 
life. The methods of estimating the 
efficacy of treatment are extremely 
varied, so much so that it is difficult 
to assess and to compare the results 
obtained by the various investigators. 
In a disease of unknown origin, diverse 

( 225 ) 
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manifestations and lack of clear-cut 
demarcation into clinical groups, a 
great deal of justified controvers)' is 
inevitable. 

Many attempts have been made to 
classify patients with h)'pertensive car- 
diovascular disease®'^^'^*^. None of these 
classifications has been accepted by 
all investigators, chiefly because none 
seems to answer all questions perfectly. 
However, the Keith-Wagener-Barker 
classification®^, in which hypertensive 
patients are separated into 4 numbered 
groups on the basis of retinal and asso- 
ciated general signs, has seemed to 
lend itself to the most accurate deline- 
ation for treatment and for prognostic 
purposes. Most of the reports on the 
results of S)Tnpathectomy in the litera- 
ture have used this classification or 
a modification of it. However, because 
of differences in interpretation of this 
grouping or because of attempts to 
change or extend the classification, 
%'er)' few reports are readily compara- 
ble. In addition to the clinical group- 
ing of the disease, one of us (H.P.W. ) 
has for many years used and taught 
the meticulous grading of the retinal 
arteriolar changes (sclerosis, narrow- 
ing and spasm) on the basis of 1 to 4, 
as portrayed in the publication by 
Wagener, Clay and Gipner"'’. 

The average prognosis in various 
types or grades of hypertensive cardio- 
vascular disease under a purely medi- 
cal regimen has been well worked out 
by se\'eral groups of investigators, 
notably Wagener and Keith’’'^, Brana 
and Radnai'^rand Palmer, Loofliourow 
and Docring®'*. However, the course 
in an individual patient is verx' difficult 
to predict Tfierefore, an adequate 
ev.alnation of- the effect of surgical 
treatment on the course of lu’pcrten- 
sive disease requires postoperative 
observation for several vears of a con- 
siderable number of patients in each 
of the various groups. It was well 
sfat<(l bv Evans and B.artels'® that to 


ascertain tlie results of sjanpathectomy 
at all we must “wait 20 years in Group 
U cases, and 10 years in Group III cases 
to demonstrate that this procedure 
m'll check cardior'asculorenal degen- 
erative disease.” Data on some rather 
large groups of patients observed for 
a considerable period have been 
reported recently. Additional studies 
should become available within the 
next decade. 

Most reports deal with the effects 
of sj’mpathectomy both on the hyper- 
tensive disease and on the local lesions 
in the retina. Howes’cr, some authors 
stress the determination in the retina 
of criteria for the selection and rejec- 
tion of patients for sympathectomy. 
Bedell®, for instance, stated that “the 
ophthalmologist should be able to state 
with reasonable certainty w'hether a 
given fundus pattern indicates a favor- 
able outcome, one of doubtful value, 
or a disappointing result” and that 
“tlie ophthalmologist must advise for 
or against surgical intervention." 
Bedell stated that, if fulminating 
retinopathy or papilledema were pres- 
ent, there w’as little likelihood of pro- 
longed benefit from operation. In his 
opinion operation is contraindicated in 
the presence of definite arteriosclerosis, 
round, deep, red granular hemor- 
rhages. recent closure of a retinal 
artcr)' or sudden occlusion of the cen- 
tral vein. In his discussion of Bedells 
paper, Gibson’”* emphasized that 
patients with considerable chronic 
retinal arteriolosclerosis receive by and 
large the least benefit from surgical 
treatment, while those with consider- 
able vasospasm but little sclerosis 
receive the most benefit. 

Gans” thoroughly studied 15 pa- 
tients before and after the subtotal to 
total svmpathectomy of Grimson", 
des-ising a rather ingenious classifica- 
tion of fundal types graded as to 
sclerosis and retinopathy, fie found 
that arteriolosclerosis w.is of greater 
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prognostic value than other retinal 
signs, patients uath more sclerosis hav- 
ing poorer operati\'e results. Cans 
expressed the opinion tliat in some 
cases more sclerosis developed after 
surgical treatment. Retinopathy disap- 
peared in all his patients who had it 
prior to surgical intervention, although 
some vascular spasm remained. Peet 
and Isberg^^ also found that patients 
who had only retinal arteriolosclerosis 
usually had the poorest operative 
results and they expressed the belieP® 
that patients \\ath retinal hemorrhages 
had an appreeiably shorter postoper- 
ative life span than those without 
retinal hemorrhages. In a recent com- 
munication, Smithwick®-, who has 
reclassified all his patients to conform 
to the Keitli-'Wagener grouping-'^”, 
found a significantly better prognosis 
in the patients who underw'ent opera- 
tion tlian in the control group. 

Hammarstrom-''’ followed 103 pa- 
tients who had undergone operation 
with comprehensive studies. He noted 
regression or complete disappearance 
of retinopathy in all 22 Group III and 
IV patients who were still alive 4 months 
to 6 years after operation. All except 
4 of tliese had a good lowering of 
blood pressure. In 2 Group II patients 
retinal exudates developed in the 
immediate postoperative period. There 
was a significantly better prognosis for 
Group III and IV patients who under- 
went operation than in the medically 
treated Keith-Wagener control series. 

Gohen® reported a series of 90 
patients with hypertension, 85 of whom 
underwent sympathectomy. Of the 85, 
23 were said to have had normal eye- 
grounds both before and after opera- 
tion, and 21 (91%) of the 23 had good 
general surgical results. Mild changes 
were said to have been present in 42, 
moderate in 18 and severe in 2. Good 
results were obtained by surgical 
treatment in 88% of the patients with 
mild retinal lesions, in 72% of those 


with moderate lesions, but in none of 
those widi severe lesions. Apparently 
all of these 3 groups included patients 
with retinopathy. No patients showed 
postoperative progression of ocular 
lesions and in 22 cases the hemor- 
rhages, e.\udates and papilledema dis- 
appeared. In discussing Cohen’s paper, 
Hinton”® stated tliat he had had good 
operative results in 4 patients with 
Group IV fundal changes but witli no 
cardiac or renal lesions. However, in 
patients with odier organs involved in 
addition to neuroretinopathy, he felt 
that chances for improvement were 
minimal. 

Many observers have expressed the 
belief that surgical treatment for 
hypertension is contraindicated in 
patients with papilledema ( Group IV ) . 
The percentage of good results in this 
group is very low, aecording to Ayman 
and Goldshine”, Bedell®, L. Weekers®^, 
R. Weekers®®, de Takats and associ- 
ates®'*, Govaerts”*, Bartels and asso- 
ciates®, Wagener, Cusick and Craig®*, 
and King®®. For instance, Govaerts 
reported that all Group IV patients on 
whom he had operated were dead 
within 14 months after operation. On 
the contrary, Ray*®, Crile and Crile*®, 
Hinton and Lord®®”*, and Luzuy and 
Forge®® expressed the opinion that the 
results in many Group IV patients are 
sufficiently good to warrant operation, 
and Poppen and Lemmon^^ stated tliat 
these patients should undergo opera- 
tion as soon as possible. Gilchrist®®, 
Wilson®'* and Cooke*® found that 
Group IV patients almost always had 
improvement in the retina. They noted 
that there is definitely a better prog- 
nosis following sympathectomy even 
though the blood pressure remains 
high. Peet and Isberg®® pointed out 
that 19% of 112 surgically treated 
Group IV patients in their series were 
alive 5 to 11 years after operation as 
against 1% of the Keith- Wagener- 
Barker control series. Bassett^ declared 
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tJiat 21.6% of his 143 Group patients 
survived 5 to 11 years after sympa- 
thectomy, and he expressed tlie opin- 
ion furthermore that patients with 
preoperative cerebrovascular accidents 
were materially protected by surgical 
treatment against other such accidents. 

Table 1 is constructed from the data 
presented by Evans and Bartels*® ( 173 
patients observed for from 6 months 
to 3 years), by Bartels, Poppen and 
Richards® (54 cases), by Poppen and 
Lemmon'*'* (100 cases), by Woods and 
Feet**® (60 cases observed more than 
9 months), by Palmer®" (64 cases 
observed for 3 years), by Wagener, 
Cusick and Craig"* ( 121 cases ob- 
sen'ed for from 1 to 60 months) and 
by Hollenhorst®® (95 cases observed 
for from 6 to 24 months). All of the 
patients were classified preoperatively 
according to tlie Keith-Wagener group- 
ing. It can be noted that there is con- 
siderable variability in the percentage 
of successes and failures in each group. 
Ilowever, it can be noted also that 
there is a definite tendency toward 
lessening of successfvd results and 
increase of failures as the cases pro- 
grc-ss in classification from Group I 
to IV. 

TABLE 1. PERCENTAGE RANGE OF 

RESULTS REPORTED IN VARIOUS 
SERIES OF SYMPATHECTOMIES 
FOR inTERTENSrON 

Good Fair rc«iltn Fmr remits 

Sa Ila 

Group I 25 to 83 16 to 75 0 to 42 

Group II 22 to 55 16 to 40 0to52 

Group HI 0to48 2Sto6( 13 to 63 

Group IV Oto44 0 lo 44 12 to 100 

A number of studies of the ocular 
fundi preoperatively and postopera- 
ti^•eIy liax'e been made, thougl) not all 
of them include complete studies of 
the vascular lesions, 'file first report 
in the literature is fliat of one of ns 
ni. P. W.V- in 19>1. A boy, aued 10 
years, w.is sidnnitted lo ccr\ icothorac-ic 
ranoliorii'ctomv in a vain attempt lo 


benefit a severe retinopathy clue to 
malignant hj^ertension. No postopera- 
tive change in the vessels nor in the 
retinopatliy was noted. 

There have been numerous case 
reports of the dramatic improN'emenf 
noted in tlie retinas of patients after 
S)Tiipatliectomy. Most of these reports 
were of patients suffering from malig- 
nant hypertension. McKeown®*, Tis- 
comia®®, Introzzi®®, Euler**, Rycroft*®, 
Stephenson®®, Heuer and Glenn®*, 
Philps'® and many others have 
reported single cases or small scries 
of cases to show postoperative im- 
provement in vision, vasospasm, reti- 
nopathy and neiiroretinopathy, some 
with and some without simultaneous 
improvement in the general condition 
of the patient. Ray*® stated that hemor- 
rhages and papilledema always im- 
prove after surgical treatment even 
though the level of blood pressure ma\’ 
not be materially lowered. 

Page and Heuer®", after section of 
the anterior nerve roots, noted relaxa- 
tion of spasm of the retinal arterioles 
in 11 of 17 cases, aksorption of exudate 
in 2, disappearance of papilledema in 
3 and secondary glaucoma in 1. Allen 
and Adson* reported disappearance of 
retinopathy and arteriolar spa.sm in 
patients who showed clinical improve- 
ment. Craig and Brown** performed 
snlanchniccctomy on 2 patients witli 
retinopathy. After 3 months, 1 patient 
showed a drop in blood pressure, a 
disappearance of retinopathy and a 
widening of the retinal arterioles, hiif 
tlie other patient showed tio change 
either of Ifiood pressure or of the 
retiua. 

Tlie fir.st large series of eases 
reported was that of Fralick and Peel’" 
in 1936. Ninety patients with essen- 
tial livpertensinn nndersvent snpradta- 
phragmatic spianchnicertomy: 36 were 
folkiwecl for from 5 to 22 innntlis. N'o 
.'ilfempl was made to grade the \as- 
cid.ir changes in the retina. Only flw 
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extent of tlie retinopatliy was described. 
Impro\'ement was noted in tlie retinas 
of only 3 of IS patients who had a 
good postoperative drop in blood pres- 
sure. Patients whose blood pressure 
remained high showed no retinal 
improN'ement except 1 patient whose 
papilledema disappeared postopera- 
tively. Two patients witli neuroreti- 
nopathy and 1 witli angiospastic 
retinopathy showed good general 
improvement and clearing of the reti- 
nal lesions following operation. 

In 1939, Wagener, Cusick and 
Craig'"'^ made detailed studies of tlie 
retinas of 32 patients before and 
after rhizotomy or subdiaphragmatic 
splanchnicectomy, and reported on the 
ophtlialmoscopic examinations of a 
total of 121 patients who underwent 
operation. Their findings ^vill be noted 
later in tliis paper, compared witli a 
similar group treated by die Smidi- 
wick procedure^®. 

Tooke and Nicliolls'^® observed 15 
patients whom diey diagnosed as hav- 
ing malignant hypertension although 
37% were said to have had normal 
ocular fundi. After splanchnicectomy, 
1 patient of the group had more 
marked fundal and general findings, 1 
was unchanged, while the remainder 
were said to have been improved from 
every standpoint including diat of the 
ocular fundi. Evaluation of the ocular 
status is difficult in diis series. 

Puig Solanes^^ did ophthalmoscopic 
examinations on 18 patients on whom 
operation by the SmiBiwick technique^^ 
was performed. Apparently 5 of his 
patients had malignant hypertension 
and 7 more were of the chronic pro- 
gressive type. Of 8 patients examined 
4 to 14 months after operation all had 
persistent arteriolar narrowing but had 
had a diminution of focal constrictions 
and a disappearance of retinopathy. 
Tliere was immediate postoperative in- 
crease in spasm and retinopathy in half 
of Puig Solanes’ patients. He expressed 


die belief diat the retinal changes were 
independent of the blood pressure 
levels or of tlie general condition of 
the patient, but that similar vascular 
changes occurred in other organs, par- 
ticularly die brain. 

Tuclavell'^'^ found that neuroreti- 
nopathy disappeared in all 13 Group 
IV patients who underwent operation, 
but noted that 1 patient had returned 
to Group IV 3 years later. Of his 6 
patients vodi Group III eyegrounds, 3 
regressed to Group II, 1 remained in 
Group III and 2 advanced to Group IV. 
In 1 patient without retinopathy papil- 
ledema developed 1 year and in 
another 3 years after operation. A 
deterioration of the retinal condition 
was invariably accompanied by con- 
tinued or heightened elevation of die 
blood pressure. King®^ could see little 
improvement in die fundal condition 
of several Group 4 patients whom he 
followed. Morgan®'' reported on 1 
young patient who had a closure of 
the central retinal artery of one eye 
on the first postoperative day. Smim- 
wick'’® found improvement of the 
retinas in all patients with papilledema 
and in 75% with retinopathy. He also 
noted the disappearance of arterioven- 
ous compression in many cases. 

It is obvious that, generally speak- 
ing, the response of the retinal lesions 
to splanchnic resections is favorable. 
If we combine various series reported 
by Evans and Bartels^'' (117 cases), 
Peet, Woods and Braden^® (219 cases), 
Woods and Peet®® (76 cases), Feet and 
Isberg®® (146 cases), Wagener, Cusick 
and Craig®^ (32 cases) and Hollen- 
horst®® (45 cases), data are available 
on a total of 613 cases. After operation, 
the retinal lesions improved in 406 
(66%) remained unchanged in 185 
(30%), and increased in 22 (4%). 
Included in these cases were 77 
instances of retinopathy with papil- 
ledema reported by Peet and his col- 
laborators and by Evans and Bartels. 
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Retinopathy of this type improved in 
73 ( 94.8%). The papilledema receded 
completely in 40 (55%) of the 73 cases. 
Peet, Woods and Braden*^ stated that, 
if papilledema receded completely, it 
never returned, no matter how long 
the patient survived. 

The statements by Cans, Gibson and 
others with reference to the prognostic 
significance of retinal arteriolosclerosis 
are supported by the results obtained 
in a series of 95 patients whom one of 
us (R. W. H. )-® has studied before 
and after combined supradiaphrag- 
matic and infradiaphragmatic sym- 
pathectomy and splanchnicectomy. 
Forty-three of these patients were 
re-examined ophthalmoscopically 6 to 
24 months after operation. It was 
found that only a low percentage of 
patients with high grades of sclerosis 
were benefited by surgical treatment. 
The proportion of good results in this 
series dropped from 56.7% in those with 
minimal sclerosis to 0% in those with 
severe grades, wliile the percentage of 
failures rose from 23.3% to 66.7% as 
increasing sclerosis was present in the 
retinal arterioles. Patients with post- 
operative improvement in vasospasm 
showed good results in 59.3%, fair in 
18.5% and poor in 22.2% of cases. 

Sixty of the patients in this series 
did not have retinopathy prior to oper- 
ation. It is of interest that 19 of these 
were found to have cottonwool patches 
in the retinas at the first postoperative 
ophthalmoscopic examination made 
nothin 10 days after the second stage 
of S)'mpathectomy. No explanation for 
this could be found. Among this group, 
9 patients were observ'ed to have ulti- 
mate good results, 2 fair and 8 poor 
results. Only 9 of these patients 
returned for re-examination 6 to 18 
months after operation. None of them 
had retinopathy. However, of the 19, 

1 patient had died after 17 months, 1 
had had several cerebral angiospastic 
episodes and 2 had had hemiplegia. 


Among the 41 patients who were 
observed to have no onset of retinopa- 
thy during the immediate postopera- 
tive period, only 1 had an episode of 
mild transient hemiparesis and there 
were no deaths. 

In 5 of the 22 patients who had 
retinopathy without papilledema (hy- 
pertension Group III) an increase in 
retinopathy developed immediately 
after the second stage of operation. 
Two of the 5 were re-examined 7 
months after operation. One still had 
active retinopathy and had received 
no benefit from the operation; the 
other had had a good postoperative 
course and there was no retinopathy. 
It was learned through correspondence 
that I of the other 3 patients had 
died; 1 had had a good result, had 
gone through a pregnancy and had 
been delivered of a normal child vvith 
no difficulty, and the third had had 
a fair result. There were no deaths nor 
cerebrovascular episodes in the 17 
Group III patients whose eyegrounds 
remained the same or improved in the 
immediate postoperative period. 

Of the 10 Group 4 patients Avho 
underwent operation, 4 were re-exam- 
ined 6 to 20 months later. Three had 
no papilledema and no retinopathy; 1 
still had mild papilledema 10 months 
after operation and was unimproved 
by tire surgical procedure. Of the 3 
patients with retinal healing, fair 
results were obtained in 2 patients. The 
third patient had a good postoperative 
result and had a final average diastolic 
pressure less than 100 mm. of mercury. 

In this series, 11 of 13 Group III 
natients and 3 of 4 Group IV patients 
had a complete disappearance of reti- 
nopathy on their final examination. 
However, among the 14, 4 were tlassi- 
fied as operative successes, 4 as fair 
results and 6 as failures, IVhen the 
vascular changes irrespective of the 
retinopathy were noted, it was found 
that the vessels were unchanged in 5 
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(S3!fc) of tlie 6 failures and improved 
in 1, while of the 4 good results die 
vessels were unchanged in 1 and 
improved in 3. This appears to indicate 
that tlie grade of generalized and 
localized spastic constrictions persist- 
ing in the retinal arterioles is much 
more sensitii'e as an indicator than is 
the presence or absence of retinopadiy 
in die postoperative period. 

In this connection a recent report 
by Feet and Isberg^^ is of considerable 
interest. They studied 28 hypertensive 
women treated by splanchnicectomy 
who later became pregnant. Ten of 
these patients who had had angiospas- 
tic retinitis before operation, 1 with 
papilledema, had normal blood pres- 
sures after operation. Nine of diese 
patients, including the 1 who had had 
papilledema, were delivered of normal 
children without complications and 
only 2 had a slight rise in blood pres- 
sure following pregnancy. 

The one paper in die literature 
which lends itself fairly well to com- 
parison widi subsequent work is that 
of Wagener, Gusick and Craig®^. The 
results diat they reported for patients 
who underwent rhizotomy or subdia- 
pliragmatic sympathectomy are not 
nearly so favorable as those reported 
by subsequent investigators. In the 
series of one of us (R. W. H.) as well 
as in the foregoing paper there is a 
sharp increase of good results as the 
degree of arteriolosclerosis diminishes. 
In the earlier series it was found that 
the proportion of good results from 
sympathectomy dropped from 40% in 
those without arteriolosclerosis to 9% 
in those with marked vascular sclerosis, 
while in the second series* this range 
is from 56.7% to 0%. In the original 
series the proportion of failure in- 
creased from ■ 20% in the • group 
without arteriolosclerosis to 82% in 
those with marked changes. In the 
later series this range was from 23% 
to 66.7%. Wagener and associates 


reported no successes in 7 Group 4 
patients while in die recent group 
there were 2 successes and 2 fair 
results in 10 patients. Furdiermore, in 
die earlier series there was immediate 
postoperative onset of retinopathy in 
one sixth of the patients, while this 
occurred in one dikd of die recent 
group. 

If die average results obtained in a 
large series of cases are considered, 
prognostication by examination of the 
retinal changes seems to be reliable. 
However, it is difficult to evaluate an 
individual patient accurately. In spite 
of die presence of severe retinal 
changes a satisfactory postoperative 
drop in blood pressure and more or 
less complete alleviation of headache 
or odier symptoms may be obtained. 
On die odier hand a patient widi only 
insignificant lesions in die retina may 
obtain litde or no relief from operation. 
Thus, the percentage chance of a suc- 
cessful result for die patient can be 
estimated by die grade of retinal arte- 
riolosclerosis and angiospasm and by 
the presence or absence of retinopathy 
or neuroretinopathy. However, as Gib- 
son^® remarked, it cannot be stated dog- 
matically diat die patient will obtain 
a good, fair or poor result. The cardiac, 
renal and cerebral status must also be 
noted, and die lability of the blood 
pressure must be determined. The 
most recent compilation of the criteria 
for evaluating the suitability of a 
patient for surgical therapy is that of 
Scoville and Posti®. It is based on con- 
siderations of age, sex, heredity and 
symptoms, on the magnitude, type and 
variability of the patient’s blood pres- 
.sure, and on the pathologic changes 
associated with the elevated blood 
pressure as manifested in the heart, 
kidneys, brain and eyes. Much the 
same indications and contraindications 
are listed by most autiiors to a greater 
or lesser degree. Hammarstrom^® has 
expressed the opinion that patients 
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with retinopathy must have good renal 
function to warrant S}'mpathectomy. 

It is generally conceded that patients 
with hypertensive retinopathy with 
papilledema receive on the whole the 
least benefit from surgical treatment of 
hypertensive cardiovascular disease, 
while patients with low degrees of 
retinal arteriolosclerosis and marked 
tonic or spastic arteriolar changes 
derive the greatest benefit statistically. 
Consequently, a patient with high 
degrees of arteriolosclerosis should not 
be urged into operation and must be 
warned of the poor prognosis for satis- 
factory lowering of the blood pressure 
even though much alleviation of symp- 
toms of headache, dyspnea or nervous- 
ness may be obtained. Patients widi 
papilledema, except those associated 
wth low degrees of arteriolosclerosis, 
also must be given a poor prognosis as 
to improvement in blood pressure. 
Their lives seem to be prolonged by 
S)'mpathectomy, however. 

Patients who have poor vision as the 
result of retinopathy can usually be 
assured that their vision will improve 
postoperatively even though their 
general condition may not follow suit. 
From this standpoint alone operation 
may be considered as justified in a 
small group of patients, since spon- 
taneous regression of hypertensive reti- 
nopatliy, while it occurs occasionally'’®, 
probably is not as frequent and com- 
plete as in postoperative Group III and 
IV patients. FurSiermore, in some cases 
the improvement of wsion is ver}' 
rapid, even taking place while the 
patient is still in the hospital recover- 
ing from the operation. There are, 
however, only a few available reports 
on the visual end results in hyperten- 
sive retinopathies under medical man- 
agement. 

The method of production of retinal 
changes in patients afflicted with 
In’pertension is still unknown. The 
cause of essential hypertension is 


almost equally obscure. In most cases, 
however, both vasospastic and organic 
changes in the arterioles seem to be 
present. Possibly, the vasospastic con- 
striction is brought about through a 
humoral factor elaborated elsewhere 
in the body, most likely in tlie kidneys. 
The disappearance of active spasm of 
the retinal arterioles and the regression 
of retinopathy following sympathec- 
tomy are difficult to explain. It is 
obvious that these changes are not due 
to a direct neural effect on the retinal 
vessels (Wagener®®, Gans^’’). Tliey 
must be due to an alteration in the 
systemic vasomotor balance resulting 
from dilatation of the large vascular 
bed of the abdominal organs and the 
removal of a possible vasoconstrictor 
clamp to the kidneys. The latter may 
lessen the amount of humoral sub- 
stance liberated into the blood stream 
and thus permit relaxation of the reti- 
nal arterioles and allow gradual 
absorption of the retinal edema. 

Thus, to recapitulate, ophtlialmo- 
scopic examination of the ocular fundi 
of patients with hjpertensive cardio- 
vascular disease should be directed 
not only toward the presence or 
absence of hemorrhages, cottonwool 
patches and edema of the retina and 
optic disk, but should include a metic- 
ulous grading of the degree of arteri- 
olosclerosis, angiospasm and tonic 
narrowing of the arterioles. Since the 
degree of benefit obtained from surgi- 
cal therapy seems rather definitely to 
be in inverse ratio to the degree of 
organic retinal vascular change, it is 
important that ophthalmoscopic exami- 
nation be included in the studies used 
for the preoperative evaluation of such 
patients. It must be emphasized that 
no retinal changes can be construed as 
being an absolute contraindication to 
sxTOpathectomy, but the presence of the 
higher degrees of sclerosis and of reti- 
nopathy with papilledema reduces the 
probability of obtaining a good result. 
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ADDENDUM 

Kcnipncr (N. Carolina Med. J., 6, 117, 1945 presented photographs of the fundi of 15 
patients taken before and after several weeks of subsistence on the rice diet. He stated that 
in 21 of 33 patients “tire retinopatliy improved greatly or even cleared up completely under 
tlie rice regimen.” 

Craig (J. Am. Med. Assn., 139, 1239, 1949) stated that preoperative classification of 
patients according to the Keith-Wagner groups is important in the evaluation of the results 
of surgical treatment of hypertension. If, under obser\'ation, the condition of a patient is 
noted to progress to a higher group, operation will have its most beneficial efi^ect if it can 
be carried out shortl)' after the increase in severit)’ of the hypertensive disease has occurred. 
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On Tun CoNrniBurioNs of Hugh Owen 
Thomas or LivnnrooL, Sm RonEnr Jones 
OF LnxnrooL and London, John Ridlon, 
M.D., of New York and Chicago to 
Modern Orthopedic Surgery. By H. Win- 
nett Orr, M.D., with a Supplement on 
Ridlon and His Share in Moulding 
Orthopedic Surgery. By Arthur Stein- 
DLER, M.D. Pp. 253; 22 ills. Springfield, 111.; 
Charles C Thomas, 1949. Price, $4.50. 

Dr. Orr has presented the profession with 
a wealth of accumulated material regarding 
the impact that the principles of Thomas, 
Jones and Ridlon have made on orthopedic 
surgeiA'. It is ob\’iously a labor of love that 
has motivated him. Those students of ortho- 
pedic histor}' will find in this small book 
much of interest to them on the treatment of 
diseases of the bones and joints. 

Dr. Stcindler’s added chapter on Dr. Rid- 
lon’s contribution has an especially valuable 
personal touch and adds to the value of this 
very interesting book. P. C. 


Discoverers for Medicine. By William H. 
WoGLOM, M.D. Pp. 229; 14 ills. New 
Haven: Yale University Press, 1949. Price, 
$3.75. 

A series of some of the most important 
historical events in the development of medi- 
cal science are written in a clear, easily 
understandable stj’le for popular scientific 
leading. Essentially, the te.vt considers the 
numerous medical discoveries that have been 
made by individuals unrelated to the medical 
profession. Some of the outstanding chapters 
deal with such subjects as Mendel’s revela- 
tions of botanical heredity, the X-ray, Metch- 
nikofF s conception of the importance of 
phagocytosis as a defense mechanism, blood 
pressure measurements, respiration, vaccina- 
tion, and the discovery of digitalis. Not only 
are these discoveries clearly explained, but 
also much of the life histories of the dis- 
coverers, as well as the circumstances that 
led them to findings of such great medical 
importance. I. Z. 


Public Health in the World Today. 
Edited by James Stevens Simmons, Dean, 
Harvard School of Public Health, and Irene 
M. Kinsey. Foreword by James Bryant 
Conant, Pp. 332; 17 ills. Cambridge, Mass.: 
Harvard Univ. Press, 1949. Price, $5.00. 


With the great e,\pansion in the concept 
and practice of “Public Health” that has 
occurred in recent years, and the increasing 
importance of this recently developed field 
for our community existence, the title of this 
book will obviously stimulate further con- 
sideration The subjects of the 24 articles and 
the names of the 24 distinguished experts 
who contributed them should suffice to invite 
many to seek closer acquaintance with the 
contents. Based on a successful series of 
weekly lectures sponsored by the Harvard 
School of Public Health, the oook presents a 
comprehensii'c and authoritative statement of 
the public health problems, aims and accom- 
plishments in mid 20tli century. Public health 
experts will want this book for its content 
of authoritative facts and thought stimulating 
discussions; many non-professionals con- 
cerned with the health of the world from 
political, sociological and esBietic points of 
view may find in it even more profitable 
reading. E. K. 


Viral and Rickettsial Infections of Man. 
Edited by Thomas M. RnrERS, M.D., The 
Rockefeller Institute for Medical Research. 
Pp. 587; 77 ills., 6 in color. Philadelphia: J. 
B. Lippincott, 1948. Price, $5.00. 

This excellent volume fills an important 
gap in medical literature. Our understanding 
of viral and rickettsial diseases has progressed 
so rapidly in the last twenty years that often 
te.xtbooks have been badly out of date by tlie 
time they got into print. Greater stability of 
ideas during the past few years has enabled 
Dr. Rivers and his collaborators to get 
together a book whose essential information 
seems to be fundamental and will probably 
not require serious alteration. 

Chapters are devoted to the physical, 
chemical, and serological features of viral 
and rickettsial diseases, cliick-embryo and 
tissue culture techniques, and epidemiological 
studies. Following this tlie various diseases 
are considered singly or in closely related 
groups. The individual authors are all well 
qualified to speak with authority. Adequate 
bibliographies accompany each chapter. 

Technically .the book is attractive. Well 
printed on heavy glossy paper, the illustra- 
tions are excellent. A subsidy from the 
National Foundation for Infantile Paralysis 
has been used to reduce the price. This book 
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is a companion to “Bacterial and Mycotic 
Infections of Man” edited by Rene J. Dubos. 

W.S. 


The Pharmacologic Principles of Medical 
Practice. By John C. Khantz, Jr., Prof, of 
Pharmacology, School of Medicine, Univ. of 
Maryland, and C. Jelleff Carr, Assoc. Prof, 
of Pharmacology. Pp. 980; 95 ills. Balt.: 
Williams & Willdns, 1949. Price, $10.00. 

This is a te.\-t book of pharmacology 
designed primarily for medical students taking 
courses in that subject. It differs from most 
other works in tlie field in that more space 
and attention is given to dierapeutics. This 
svill undoubtedly sers'e to interest the student 
and to unify the curriculum, but it has the 
disadvantage of an e.xtreme brevit)' which 
results in the oversimplification of many thera- 
peutic problems. 

The full-page illustrations of prominent 
pharmacologists, both living and dead, accom- 
panied by characteristic quotations from tlieir 
works, and the short appendis on the dis- 
covery and evaluation of new drugs, are inter- 
esting features of the book, which is clearly 
WTitten, although the style, a multitude of 
short sentences, is not pleasing to the 
Reviewer. 

This useful compilation is strictly up-to- 
date, and svithout doubt will be popular with 
medical students and with the increasing 
number of physicians seriously interested in 
the way their therapeutic efforts affect the 
human body, I. S. 


Biochemical Evolution. By Marcel Flor- 
KiN, Um'v. of Liege. Edited, translated, and 
augmented by Sergius Morgulis, Univ. 
of Nebraska. Pp. 157; 25 figs. New York: 
Academic Press, 1949. Price, $4.00. 

Using the systems of zoological classifica- 
tion of animals, as established by the mor- 
phologists, the author proceeds to develop 
tlie en'dence for a series of ss'stematic bio- 
chemical characteristics as well. One is con- 
cerned witli the comparisons of biochemical 
constituents and of the biochemical systems 
as they are found in the various species of 
the animal kingdom. Similarities and dis- 
similarities are noted. The evolution of bio- 
chemical systems and adaptations are traced 
under tlie main headings of milieu interieur, 
respirator!’ function, hydrolytic processes of 
digestion,’ nitrogen metabolism, photorecep- 
tion, and osmoregulation. The systematic bio- 
chemical characteristics of the vertebrates, 
tunicates, cyclostomes, elasmobrancfe, sipun- 
culids and insects are discussed, with a final 
chapter on perspectives concerned with the 
mechanism and tlie reversibility and irreversi- 


bility of biochemical evolution. These data, 
so cogently presented, offer strong support 
for the quotation from J. B. S. Haldane that 
“Our final theory of evolution wll see ‘it 
largely as a biochemical process.’ ” H. V. 


Early Recognition of Disease. Edited by 
Sir Heneace Ogelvie, K.B.E., and William 
A. R. Thomson, M.D. Pp. 134. London: 
E}Te & Spottiswoode, 1949. Price, 10s. 

This book, one of “The Practitioner” Hand- 
books series, consists of 14 chapters, each 
w'ritten by an author well qualified to discuss 
an assigned subject— such as, for example: 
heart disease, neurological disease, diseases of 
the eye, mental disorders, the complications 
of pregnancy. 

Each author has made a commendable 
effort to present in brief form a discussion of 
the “early” symptoms of the diseases in his 
allotted field, and their significance. The 
trouble is the question of what is truly an 
early symptom. The several authors have, as 
might be anticipated, approached this prob- 
lem in different ways; some discuss many 
symptoms such as the vomiting of half a 
pint of blood which surely needs no emphasis 
as an early symptom; others emphasize minor 
symptoms which would scarcely bring a 
patient to a doctor but whose significance 
would be of great importance to the patient 
if this information could be brought to his 
attention. 

In other words much of the book should 
not be needed by any well-trained doctor, but 
it would be of great value either to second 
rate doctors who unfortunately are tlie very 
ones who probably will not read it, or to the 
lait}’ for whom it is not written. 

The book is a worth-while effort in a most 
difficult direction. O. P. 


Natural Products Related to Phenan- 
thbene. By Louis F. Fieser ’ and Marv 
Fieser, Harv'ard Universit}'. 3d ed. Fp. 704. 
New York: Reinhold, 1949. Price, $10.00. 

This new edition is a splendid, up-to-date, 
and authoritative book on an important sub- 
ject basic to the medical sciences. It is hrice 
as large as the previous edition. The main 
subjects covered are as follows: the morphine 
alkaloids and morphine substitutes, resin acids, 
sterols and bile acids, vitamin D, se.v hor- 
mones, adrenal cortical hormones, cardiac 
glycosides, saponins, steroid and terpenoid 
alkaloids, and steroid metabolism. The main 
changes from tlie 2d edition are of interest 
chiefly to chemists, namely, the omission of 
the chemistry of polycych'c h_)’droc.Trbons 
(inrludcng carcinogens) and the addition of 
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a chapter b)' Ricliard B. Turner on tlie 
stereochemistry of the steroids. 

In tJie 12 years since tlie appearance of tlie 
2d edition, great advances have been made 
not onl)’ in tlie clieinistry but in tlie metabo- 
lism, pharmacolog}-, physiology and clinical 
implications of these t}'j^)es of compounds. The 
biological aspects are treated in considerable 
detail; tills makes the book of wide interest 
and value to investigators in medicine and 
allied sciences. 

The re\'iewers know of no other book on 
the subjects covered that combine in such 
happy fashion tlie well-known ability of the 
Fiesers to unearth the facts of a complicated 
chemical subj'ect and to present them in a 
sh'le tliat is orderly and eminently readable. 

J. H.; M. S. 


Histology and Histopatholocy of the Eye 
AND Its Adnexa. By I. G. Sommers, M.D., 
Ass’t Prof. Ophthalmology, College of Medi- 
cal Evangelists. Pp. 784; 69 ills. New York: 
Grune & Stratton, 1949. Price, $12.00. 

Tins is a welcome addition to our te.xts on 
this subject. No satisfactory work has appeared 
in English since Parsons’ “Pathology of tlie 
E)'c” and that is now long out of date and 
out of print. This te.\t covers the normal his- 
tology, embryology and senescence of the eye, 
its general pathology and tlic more detailed 
pathology of its several parts. There is even 
a chapter on tlie pathology of the surgery of 
the eye. 

A good bibliography is found at the end 
of each chapter and rather interesting notes 
under the caption “Reading of Source Mate- 
rial” in which the author abstracts the findings 
of various case reports. 

The illustrations are good, and the t)qie and 
format of tlie book are e.\cellent. F. A. 

Cardiac Catheterization in Congenital 
Heart Disease. By AndriS Cournand, M.D., 
Assoc. Prof., Columbia Univ., Janet S. Bald- 
wTN, M.D., Ass’t Prof., New York Univ., and 
Aaron Himmelstein, M.D., Instructor, 
Columbia Univ. Pp. 108; illustrated. New 
York: Commonwealth Fund, 1949. Price, 
$4.00. 

This monograph is divided into 2 parts. 
Part one describes and discusses the equip- 
ment, techniques and metliods used in a well- 
equipped and well-organized laboratory for 
performing cardiac catlieterization on patients 
with congenital heart disease. Formulas for 
calculating intracardiac shunts are included. 
In part two are presented 17 illustrative cases 
with correlation of the clinical and physiologi- 
cal data. Emphasis is placed here on the 
acyanoh'c group of congenital heart lesions. 


The presentation of tlie subject is concise, 
yet sufficiently complete, and reflects the 
authors’ long experience and thorough knowl- 
edge of this subject. Illustrations are adequate 
in number and quality. 

It seems to die reviewer regrettable diat 
the authors have chosen to limit die presenta- 
tion of case material almost exclusively to the 
acyanotic group of congenital heart lesions. 
The I'alue of die book would have been 
enhanced had more cases from the cyanotie 
group been included. Much the same 
criticism can be made about the failure to 
include the chest leads in the electrocardio- 
grams. Widi diese excepdons, the work is 
well done and is recommended to those inter- 
ested in congenital heart disease. R. K. 


The Temporal Bone and the Ear. By 
Theodore H. Bast, Ph.D., Prof, of Anatomy, 
Univ. of Wisconsin, and Barry J. Anson, 
Ph.D., Prof, of Anatomy, Northwestern 
Univ. Pp. 478; 166 ills., 30 in color. Spring- 
field, 111.; Charles C ’Thomas, 1949. Price, 
$ 12 . 00 . 

This scholarly monograph is based to a 
very large extent upon original research by 
the authors. It brings togedier and summarizes 
material wliich has previously appeared in 
numerous scientific articles. The book is pro- 
fusely illustrated widi drawings and photo- 
micrographs, a number in color. Each of the 
9 chapters in the book is followed by a bibli- 
ography. An index of authors and a general 
subject index complete tlie volume. 

The monograph is primarily descriptive 
anatomy and embryology. Matters of function 
and consideration of tlieories of hearing are 
to be found in the last chapter, together with 
a historical survey of tlie same. The present 
monograph supplies a long-felt need for a 
detailed consideration of these regions, as the 
internal ear and temporal bone are so complex 
that no ordinary textbook of anatomy can do 
justice to them. W. W. 

Operative Surgery. By Frederick C. Hill, 
M.D., Assoc. Prof. Surgery, The Creighton 
Univ., School of Medicine. Foreword by 
Charles W. Mayo, M.D. Pp. 698; 255 ills. 
New York: Oxford University Press, 1949. 
Price, $12.75. 

As stated in the preface, tliis volume has 
been written for the intern, resident and less 
experienced surgeon. Most of the operations 
of general surgery, orthopedics and gynecology 
have been briefly described, and some have 
been illustrated. No historical data are given, 
and there are no references. 

In the opinion of this reviewer, most sur- 
geons e.xpect their men in training to know 
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more about most operations tlian is described 
or illustrated in this book. Except for brief 
glances at the essentials of a technique before 
operating, the value of tire book appears 
limited. The artists are to be commended for 
their unusually fine illustrations. C. K. 


The Hormon’es. Edited b)' Gregorv Pincus, 
^^'orceste^ Foundation, and Kentn’eth V. 
TmAtANTs, Harvard Univ, Vol. I. Pp. 886. 
Illustrated. New York: Academic Press, 1948. 
Price, $13.50. 

This is the first of 2 volumes devoted to a 
comprehensive review. To quote from the 
preface, tliis volume "contains the chemistry 
of the hormones, tire role of hormones in 
organisms other than mammals, and some 
aspects of the animal ph 3 'siology. The second 
volume will contain tire bulk of tire mam- 
malian endocrinology proper, with clinical 
applications.” The 16 chapters represent the 
contributions of 14 autlroritative investigators. 
The hormones of plants, insects and crus- 
taceans are considered in detail. Otlier chap- 
ters deal with the internal secretions of tire 
gastro intestinal tract, paradrjroids, pancreas, 
anterior pituitar)', adrenal corte.x, ovar)' and 
testis, and the homronal control of lactation 
and mamar)’ growth. 

There is some variation in tire quality and 
st)']e of the te.xt, as is ineWtable in such a 
collaborative effort. Chief en'rphasis is placed 
upon chemistrv, assaj’ and extraction tech- 
niques and e.xperimental physiology. This book- 
will eoirstitute an important work of reference 
in its field, even after the rapid march of 
endocrine chemistrj' and phv'siologj' has neces- 
sitated the compilation of supplementary data 
in similar form. The publication of tire 2d 
\'olume will be aw'aited with interest. E. R. 


Leiirruch der EjtDRYOLOGiE. ^^on Walter 
Brandt, M.D., Ph.D., friiher Prof, der 
Anatomic, Univ. Koln. Pp. 648; 472 ills. 
Basel, Switzerland: S. Karger, 1949. Price, 
S.Fr. 56. 

In this clearlv written and well constructed 
volume in German, Professor Brandt has sum- 
marized recent work in e.vperimcntal embrj’- 
ology and incorporated it into a book that 
will be useful to manj', including students who 
desire to improve their scientific Gemran. In 
Part I, a general survey of development is 
given, including a brief comparative embty- 
oIog\' of lower forms with an account of work 
on amphibians, much of it by lire author. This 
introduces much that is quite recent on human 
devclopnrcnt, but regrettably not including 
the latest w-ork of Dr. G. L. Streeter on 
developmental horizons. This part is written 
with the needs of medical students in mind. 


witlr emphasis on developmental physiology 
and endocrinolog}', and on the relation of 
fetus to mother. 

In Part 2, the development of organ systems 
is discussed, with 83 pages devoted to cir- 
culator)' organs, 104 to digestive and respira- 
tor)’ organs, 67 to the genito-urinar)' s)’stem, 
and 105 to the nerv'ous system. IVlrile tire 
review'er was impressed by the breadtli of 
this work, which covers a ver)' wide field, he 
would har'e welcomed a collected bibliogra- 
phy, to supplement the legends of the illustra- 
tions. A good inde.x completes this stimulating 
te-xtbook. S. W. 


Histopatholocy of Irradiation Fro.m 
E.xternal and Internal Sources. Edited 
by AVelliam Bloom, M.D., Prof, of Anat- 
omy, Univ. of Chicago. Pp. 808. Illustrated. 
New York: McGraw-Hill, 1948. Price, 
$ 8 . 00 . 

This volume is a summary of the W’ar- 
tirne work on tire histological effects of 
radiation by tire Histological Group of the 
Healtlr Dir’ision, Metallurgical Laborator)’ 
of the University of Chicago. It is IV-221 
of the National Nuclear Energy Series, a 
series e.vpected to reach 60 volumes, report- 
ing tire declassified portions of work under 
the Manhattan Project. 

The book describes tire histological and 
c)'tological effects of total bod)’ irradiation 
from external (Roentgen-rays, gamma-rays, 
beta-rays, fast and slow neutrons) and 
internal (alpha, beta, and gamma-emitting 
substances) sources. The effects of the vari- 
ous forms of irradiation on the major tissues 
and organs are compared. Most of the 
e.xperiments w’ere done upon mice and rats, 
a few’ upon rabbits and guinea pigs. A 
great deal of new and x’aluable information 
is reported. Because of w’artime haste and 
shortage of trained personnel, many cate- 
gories are incomplete or need repetition. 

The book is prolificalJ)’ illustrated. 
Unfortunatel}’ a great many are bad, cither 
out of focus, have poor contrast, or do not 
illustrate the desired feature. In a w’ork of 
this kind this is a particularly serious flaw’. 
Despite these faults the book is a neces- 
sary reference work for those w'Orking in 
this field. 

Campbell’s Operative Orthopedics. Edited 
bv I. S. Speed, M.D., and liven Smith, 
.M.D. 2d ed. In 2 Vols. Pp. 1633; Index 
Pp 44- 1141 ills., 2 in color. St. Louis: 
C V. -Mosbv, 1949. Price, $30.00. 

Tins 2 volume set is a monumental work 
to those interested in orthopedic surger)-. 
Tlic original one volume operattve 



BOOK REVIEWS AND NOTICES 


239 


OHTHOPAEOICS compiled by tlie late Dr. 
Willis C. Campbell established the need and 
value for tins type of book; in the present 
two \-olume set members of the Camp- 
bell Clinic and a few other outstanding 
contributors have produced again an e.vccl- 
lent and enlarged work. All the contributors 
deser\e congratulafaons. The book in the 
past and even more so in the present issue 
will continue to be of inestimable value 
to the } oung orthopedic surgeon in guiding 
him in the technical details of the various 
operative procedures and also to all practic- 
ing this spccialt)’. It represents an amazing 
relerencc work and an encyclopedia of 
orthopedic knowledge. P. C. 


Doerrons of I\f.\mv, By Alexandeh Mits- 
cuEnucH, M.D., and Fhed Mielke. Trans- 
lated by Heinz Noruen. Pp. 172; IG ills. 
New York: Henr\’ Schuman, 1949. Price, 
$3.00. 

This is a well documented statement 
about the Nuremberg Medical Trials in 
1946, the prosecution having been based 
enUrely on captured documents. From the 
presentation it becomes apparent that the 
23 S.S. physicians and scientists reacted to 
tlie pressure of distorted Nazi ideologies 
just as did many Gennans in all walks of 
life. However, we must realize that mem- 
bers of oiu- profession are especially blame- 
worthy in so completely transgressing med- 
ical ethics as to commit the atrocities that 
were proved, even though it looks as if 
some of the scientists carried out their 
inhuman roles as a patriotic duty. The 
record makes strange and most unpleasant 
reading. E. K. 


A Primer of Electrocardiography. By 
George E. Burch, M.D., Henderson Prof, 
of Medicine, Tulane Univ., and Travis 
W iNsoR, M.D., Ass't Clin. Prof, of Medicine, 
Univ. of Southern California. 2d ed. Pp. 
245; 265 ills. Phila.: Lea & Febiger, 1949. 
Price, $4.50. 

The general form of the 1st edition has 
been retained (Reviewed in this Journal 
December 1945, p. 813). Among the more 
important additions are details of the mech- 
anisms responsible for the patterns of 
infarction, and tlie substitution of unipolar 
for bipolar precordial leads. Seven instruc- 
tive pages are given to tlie Intrinsic 
Deflection of the QRS Comple.\', i. e., the 
record made on the instant at which the 
muscle below a unipolar electrode has been 
completely depolarized. The Reviewer 
echoes the authors’ emphasis on tlie prac- 
tical need of the beginning electrocardio- 


grapher for mastering die 54 pages of 
Chapter 1, Principles of Electrocardio- 
graphy. E. K. 


NEW BOOKS 

Veterans Administration Technical Bulletin. 
Series 10. Vol. 2. Edited by Paul B. Mag- 
NusoN, Chief Medical Director. Pp. 55. 
Washington: U. S. Govt. Printing OfBce, 

1948. No price given. 

Nutrition and the Soil. By Lionel Fiction, 
O.B.E. Introduction bj' Jonathan Forman, 
F.A.C.A. Pp. 374. New York: Devin-Adair, 

1949. Price, $4.00. 

The British Encyclopaedia of Medical Practice 
MGdi Cumulative Supplement, 1949. Edited 
by Rt. Hon. Lord Horder, G.C.V.O., M.D., 
B.Sc., F.R.C.P. Pp. 409 and 423 (Suppl.). 
London and Toronto: Butterwortli, 1949. 
Price of complete set, 12 vols., $139.50. 

The Common Form of Joint Dysfunction. By 
William Kaufman, Ph.D., M.D., Pp. 208; 
34 figs. Brattleboro, Vermont: E. L. 
Hildredi, 1949. Price, $8.75. 

A PiussENTATiON of tlic aulhor’s e.^periences in 
private practice with impaired joint mobility and 
the results obtained witli adequate niacinamide 
therapy. 

Janos, The Story of a Doctor. By John 
Plesch. Translated by Edward Fitzger- 
ald. Pp. 579; 37 ills. New York: A. A. W)^!, 
1949. Price, $5.00. 

The autobiography of a noted Professor of 
Medicine whose full life brought contact with 
many of the greatest scientists and artists of 
our day. 

The Basic Neurosis. By Emwm) Bergler, 
M.D., Pp. 353. New York: Grune & Strat- 
ton, 1949. Price, $5.00. 

The autlior aims to demonstrate that unconscious 
psychic masochism forms the basis for all types 
of neurosis. 

Obesity. By Edward H. Rynearson, M.D., 
Assoc. Prof, of Medicine, Mayo Foundation, 
and Clifford F. Gastineau, M.D., Fellow 
in Medicine, Mayo Foundation. Pp. 144; 
9 figs. Springfield, 111.: Charles C Thomas, 
1949. Price, $3.50. 

This latest monograph of tlie American Lecture 
Series discusses in practical terms the etiology, 
physiology, and harmful effects of obesit>' and 
presents diets and other obesity therapy. Though 
the bibliography is limited to “articles easily ob- 
tained and read,” it contains 422 items. 

Sexual Behavior: Normal and Abnormal. By 
Eustace Chesser, M.D., Pp. 295. New 
York: Roy Publishers, 1949. Price, $3.75. 
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The Uses of Penicillin and Streptomycin. By 
Chester Scott Keefer, M.D., Wade Prof, 
of Medicine, Boston Univ. School of Medi- 
cine. Porter Lectures, 15. Pp. 72. Lawrence, 
Kansas: Univ. of Kansas Press. 1949. Price, 
$ 2 . 00 . 

The Technique of Pulmonary Resection. By 
Richard H. Overholt, M.D., Clinical Prof, 
of Surgery, Tufts CoDege Medical School, 
and Lazaro Lancer, M.D., Instructor in 
Surgef)', Univ. of Cordoba. Pp. 205; 122 
ills., 16 in color. Springfield, 111.: Charles C 
Thomas, 1949. Price, $8.00. 

‘‘This book is primary a presentation of the 
technique of resection as used by the authors. 
Reference is made to alternate steps that we occa- 
sionally find to be helpful . . . The first part takes 
up technical matters that are common to any t>'pe 
of resection . . . TTie second part considers in 
some detail the anatomy of the lung itself as it 
apph’es to problems of dissection at the primarj', 
secondary, and tertiar>' hilar levels . . . Each 
specific type of resection is then considered/* 
{Foreword.) 

Mycoses and Practical Mycology. By N. 
Gohar, M.R.C.S. (Eng.). Foreword by Sm 
Phhip Manson-Bahr. Pp. 234; 134 ills., 
4 in color. Balt.: Williams & Wi^ins, 1948. 
Price, $6.00. 

A so.MBWitAT uncritical account of the mycoses. 
Written from the Egyptian point of view, the book 
is of correspondingly lessened value to American 
mycologists. 

Practical Lessons in Psychiatry. By Joseph L. 
Fetterman, M.D., Director, The Fetter- 
man Clinic, Cleveland, Ohio. Pp. 342. 
Springfield, 111.: Charles C Thomas, 1949. 
Price, $5.75. 

Ilow to Become a Doctor. A Complete Guide. 
By George R. Moon, A.B., M.A., Examiner 
and Recorder, Univ. of Illinois. Pp. 131. 
Pliila.: Blakiston, 1949. Price, $2.00. 

Oral Anatomy. By Harry Sicker, M.D., 
Prof, of Anatomy and Histology, Loyola 
Univ. School of Dentistr)'. Pp. 529; 310 ills., 
24 in color. St. Louis: C. V. Mosby, 1949. 
Price, $15.00. 

Tire author has attempted here to bring together 
ns much of ihe dcscriptiv’c anatomy of the human 
))ody as should prove useful to students of dcnlistiy’. 
He has tried to bridge the gap between thcor>* 
and practice without going loo deeply into matters 
of applied anatomy. textbook is well illustrated 
and clearly wTJlten. It should prove attractive to 
many. W, W. 

Diagnosis of Viral and Rickettsial Infections. 
Edited b)' Frank L. Horsfall, Jr., ^^.D. 
SjTuposium, Now York Academy of Medi- 


cine, January 29 and 30, 1948. Pp. 153; 
4 ills. New York: Columbia Univ. Press, 
1949. Price, $3.75. 

This sj-mposium consists of 13 chapters by 16 
authors. The theory and interpretations of tiie 
diagnosis of sural and rickettsial diseases are dis- 
cussed. Details of diagnostic procedures are not 
gis'en. It contains profitable discussions for those 
interested in these fields. H. M. 

NEW EDITIONS 

Comparative Anatomy. By Leverett A. 
Adams, Univ. of Illinois, and Samuel Eddy, 
Univ. of Minnesota. 2d ed. Pp. 520; 364 
ills. New York: John Wiley & Sons, 1949. 
Price, $5.00. 

This book is intended primarily for college 
students but it will also serve ver>' well as a 
bandy reference. The text is divided into 2 parts. 
Part 1 defines the scope of the book and contains 
discussions of the theories of vertebrate ancestr>', 
of the basic features of taxonomy, including in this 
descriptions of ancestral forms, and of the embr>’- 
ological development of the vertebrate egg. Part 2 
is given to comparative anatomy and contains 12 
chapters, each of which considers a separate s>'s- 
tem of organs or structures. The book ends with 
a list of about 150 references, most of which are 
in English, a glossary of 28 pages and an ample 
index. It is a competent presentation, ^vritten in a 
pleasant st>'le, and is recommended to anyone 
whose interest takes him beyond tlie common 
laboratory animals. H. R. 

Textbook of Medicine. Edited by Sm John 
Cony-beaee, Physician to Guy’s Hospital, 
London. 9th ed. Pp. 875; 23 ills. Balt.: 
Wilb’ams & Wilkins, 1949. Price, $8.00. 

Food Poisoning. By G. M. Dace, Ph.D., M.D., 
Prof, of Bacteriology. 2d ed. Pp. 184. Chi- 
cago: Univ. of Chicago Press, 1949. Price, 
$3.75. 

Handbook of Materia Medico, Toxicology, and 
Pharmacology. By Forrest Ramon Davi- 
son, Ph.D., Ass’t Prof, of Pharmacology, 
Univ. of Tennessee Medical School 4th ed. 
Pp. 730; 32 figs. St. Louis: C. V. Mosby, 
1949. Price, $8.50. 

Microbiology and Man. By Jorcen Birke- 
LAND, Ph.D., Prof, of Bacteriology, Ohio 
State Univ. 2d ed. Pp. 525; 54 ills. Balt.: 
Williams & Wilkins, 1949. Price, $5.00. 

Tins is a continuation of the author's attempt^ 
to present general knowledge of microbiology ns it 
concerns man. Six new chapters have been added, 
dealing with antibiotics, meningitis, foot and mouth 
disease, mfcctions caused by spore-forming bacilli, 
air pollution and sanitation, and bacterial warfare. 
Taxonomic material has been deleted. Many new 
illustrations have been added, especially electron 
micrograplis. TIiis book will be found very’ go^xJ 
for college courses in mJcrobiolog>L H. M. 
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The tendency for carcinomas 'arising The well vascu- 

in certain organs to metastasize widely larized bones that contain red marrow 
by way of vascular channels is notori- are those predominantly affected by 
ous. The chief recipients of blood tumor metastases^'^. Lesions range from 
borne tumor fragments appear to be focal areas of disease to generalized 
the lungs and tlie bone marrow^^. In skeletal devastation with varying 
the lungs hematogenous metastases amounts of bone destruction and pro- 
may result in nodular tumor growths, liferation. 

so-called lymphangitic carcinoma- The possibility of recognizing tumor 
tosis^®, or tumor cell emboli which metastases in tlie bone marrow by 
become organized as hyaline dirombi sternal puncture was first investigated 
with the final lesion sometimes by Rohr and Hegglin^^’®^. In 75 
resembling pulmonary arterioscler- patients with malignant tumors, 13 
osisi4,25 jj 3 bone marrow the with proven bone metastases from 

growth of neoplastic tissue leads to bronchial, gastric, prostatic carcinomas 
hematologic and to skeletal disease, or elsewhere, 11 were found to have 
Progressive anemia vdth immature tumor cells in films made from aspir- 
granulocytes and nucleated red blood ated bone marrow. They divided the 
cells in the circulating blood, or tumor cell types into small and large 
occasionally anemia with hemolytic cell varieties. The former generally 
features, thrombopenia, or striking arose, they thought, from bronchial 
leukocytosis with granulocytic imma- neoplasms and the latter from stomach 
turity suggestive of leukemia are all or prostate. The tumor ceUs had no 
well-known syndromes associated witli features by which tlie site of the pri- 
neoplastic invasion of the bone mar- marj'' tumor could be distinguished 

® Aided by grants from the Anna H. Hanes Fund and tire Duke University Research Council. 
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with certainty. The demonstration of 
metastatic tumor cells by bone marrow 
aspiration was subsequently confirmed 
by many investigators®'®’^®'^®-^'^*2<*>29.33.35_ 
The frequency of positive findings 
increased after Henning® suggested 
using bones other than the sternum 
and choosing tlie site for aspiration by 
the presence of tumor nodules, 
roentgen abnormalities, or areas of 
bone pain in the ribs, spinous pro- 
cesses, ilium, skull, and others. 
Franke® reported a very thorough 
study of a group of 134 patients with 
malignant neoplasms in whom bone 
marrow was obtained in tlris manner. 
Implants were found in the marrow of 
20 of the 42 patients who had 
Foentgen-ray or pathologic evidence of 
bone metastases. 

New developments in the chemo- 
therapy of neoplasms, as well as the 
scant attention which English speaking 
authors apparently have given the 
above findings, made another study of 
tumor metastases in bone marrow 
appear worthwhile®^. We have now 
made hematologic studies in 102 
patients with various types of ma- 
lignancies which had spread locally 
or produced distant metastases. Cellu- 
lar implants diagnostic of metastatic 
tumor were found in 44 . The present 
report deals with tlie 30 patients in 
this group who had carcinoma of the 
prostate gland. Neoplastic cells were 
demonstrated in the sternal marrow 
of 15 patients, and in the peh'ic bones 
of two others. Marrow implants were 
occasionally demonstrated where there 
was no oAer evidence of metastasis. 
Anemia occurred in over half of the 
patients, and largely among those ^\^th 
metastases in v'hom it was related to 
the degree of marrow infiltration. Fol- 
loulng castration and estrogen therapy 
amelioration of the anemia occurred in 
parallel with demonstrable regression 
of tumor infiltration in the bone mar- 


Technical Procedures. Bone marrow was 
routinely aspirated from tlie sternum with a 
No. 16 or No. 18 needle and films prepared 
dmectly from tlie tip of tlie needle on cover 
slips. When the sternal marrow was normal 
and metastases were suspected in deeply 
situated bones, about the acetabulum, verte- 
bral bodies, and elsewhere, a long No. 18 
spinal needle was implanted and its correct 
position verified by Boentgen-ray' films before 
aspiration®.®3.33. Often in bone marrows with 
neoplastic infiltration no more than a drop or 
two of sanguinous material could be obtained 
even rvitli strong suction and rotation of the 
needle. When aspiration was unsatisfactory', a 
needle trephine®^ was used to remove a core 
of tissue after which the aspiration was re- 
peated. The solid tissue obtained was fixed in 
Zenker’s acetic acid dichromate solution, em- 
bedded in paraffin, sectioned and stained with 
Wright’s, Giemsa’s and routine stains. Blood 
and marrow films were stained with a buffered 
IFright s stain. 

Illustrative Case Reports. Case 1. W.D.W., 
B-93359, a 68-year old Negro farmer, was 
first seen at Duke Hospital on November 11, 
1946, complaining of weakness, severe con- 
stipation and “aching in Ins bones.” An un- 
usual degree of constipation developed 4 or 
5 years previously, became progressively 
worse, and for 4 or 5 months was nearly' in- 
tractable. His desire for food slackened, and 
when he did eat he suffered lower abdominal 
r>ain. He lost weight finally to the amount of 
50 pounds. During his last weeks at home, 
he was confined to bed by weakness and con- 
stant aching in his arms, chest, and low back. 

Phy'sical e.vaminafion showed him to be a 
thin, senile, chronically ill, colored male. 
There were no palp.ible tumor masses. Tlie 
superficial lymph nodes were not enlarged. 
There was moderately severe tenderness to 
pressure over the sternum. No abdominal 
organs or masses were palpable. By rectal e.\- 
amination there was no palp.ible tumor and 
on sitrmoidoscopy’ there was no s'isihlc ab- 
normalU’ in the lower bowel. The prostate 
eland was described by a urolocic consultant 
.ns being slightlv enlarged, soft and tender 
without nodulnritv or induration. 

A provisional diagnosis of carcinoma of the 
colon w.as made. A barium enema, however, 
showed no colonic .abnormalities. Roentgen 
films made during this examination .showed 
mottled sclerotic changes in the pelvic bones 
and vertebrae cliaractcrisfic of metastatic car- 
cinoma. Similar changes were subsequently 
demnnsfrated in the ribs. 

Serologic tests for syphilis were ncTativc. 
Urinalvsis showed no abnormalities. Exami- 
nation of the blood showed a severe anemia 


row’. 
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with immature granuloc)'tes and many nu- non-protein nitrogen was 35 mg. per 100 cc., 
cleated red blood cells (Table 2). The red the serum calcium 13.7 mg., and the serum 
blood cells were conspicuously deformed and phosphorus 3.8 mg. Two determinations of 
N'aried greatl}’ in size and in shape. The blood the acid phosphatase showed 16 and 23 King- 



Fio. 1.— (A) W.D.W., B 93359. Aspirated sternal bone marrow (X450). Two circular clumps 
of neoplastic cells are present, 

(B) W.D.W., B 93359. Sectioned sternal bone marrow obtained by needle trephine from 
same area as A (X 450). The lightly stained tumor cells infiltrate diffusely as well as form acini. 


(C.) W.D.W., B 93359. Clump of tumoi cells aspirated from marrow 4 months after 
beginning of therapy (X450). 

(D). W.D.W., B 93359. Denser clump of tumor cells aspirated from same specimen of 
bone marrow as C (X450). 


(E.) E. McF., C 16069. Group of tumor cells in aspirated bone marrow 6 months after 
orchectomy and beginning of estrogen therapy (X900). 

(F.) F.K., B 96216. Circular clump of tumor cells in bone marrow from sternum in patient 
uath severe leukoerytluoblastic anemia (X450). 


(G.) F.K., B 96216. Giant tumor cell aggregation aspirated from sternum 7 montlis after 
beginning of therapy. 

(H.) F.M.T., B 59013. Section from interior of sternum from patient dying of hemorrhage 
due to thrombopenia. The marrow is largely replaced by adenocarcinoma (X 144). 
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Armstrong units per 100 cc. and alkaline 
phosphatase values of 8 and 12 units respec- 
tively. A sternal puncture was attempted and 
altliough tlie cortex of the bone was easily 
penetrated no marrow could be aspirated, A 
solid core of tissue was cut out witli a needle 
trepliine. A small amount of fiuid marrow 
could then be aspirated. In tlie stained films 
die predominant normal marrow elements 
were segmented and non-segmented neutro- 
phils and late normoblasts. Intermingled with 
diese, occurring singly and in clumps, were 
large irregularly shaped foreign cells unth 1 
to 3 sharply outlined nucleoli (Fig, I,A). 
Variable amounts of grajash c 3 ’toplasm were 
present about some of die abnormal cells. 
Sections of the marrow tissue removed b)' 
trephine showed infiltration by adenocarci- 
noma (Fig. 1,B). 

A bilateral orchectomy was performed and 
estrogen dierapy started. During the follow- 
ing 2 weeks his bone pain gradually sub- 
sided. Pressure over his sternum was no 
longer 'painful. The acid phosphatase fell to 
8 units per 100 cc. and the alkaline phos- 
phatase rose to 19 units. Slight improvement 
in blood values with redculocytosis and de- 
cline in die number of nucleated red blood 
cells was observed during his 4 weeks stay 
in the hospital (Table 2). Tlie sternal punc- 
ture was repeated and infiltration \vith tumor 
cells was again observed. There was no defi- 
nite change in die appearance of the neo- 
plastic cells. 

On a check-up visit 4 months later he re- 
ported stead}' improvement in his general 
health. On e.\amination there was no tender- 
ness of the superficial bones. The prostate 
gland was normal except for slight enlarge- 
ment. Roentgen films of the pelvis showed 
conspicuous regression of die metastatic 
lesions. The blood values had returned to 
nonnal e.xcept for h}pochromia and deformitj' 
of the red blood cells. A few immature granu- 
locytes persisted in die circulating blood 
(Table 2). A diird sternal puncture was done 
and marrow of normal cellularity and distri- 
bution of cell t}pcs was obtained. There were 
rare clumps of tumor cells showing greater 
density of nuclear chromatin and better de- 
limited, more densch’ stained C}'topl3sm (Fig. 
1, C.D.). 

Case 2. L.D.W., B-96766, a 67 year old 
barber, was first seen at Duke Hospital on 
December 30, 1946. He bad enjoyed good 
general health until 8 months previously 
when he became suddenly dizzy and short of 
Iircath while working. Friends called his phy- 
sician and he was admitted to a local hospi- 
tal for a few dav-s of observation. After dis- 
charge he rested at home for 2 or 3 monllis 


and tlien returned to work. A few weeks later 
he began to have recurrent pain about his 
shoulders and arms with pli}’sical exertion, 
severe enough to “cut off liis breath.” On one 
occasion when tlje pain lasted several hours 
he w’as admitted to his local hospital and 
given oxygen dierapy. Three weeks before 
his clinic wit he began to have severe pain 
more or less constantly about his hips, low 
back and chest. Urination became frequent, 
painful, and tlie urine bloody. His legs be- 
gan to swell markedly. 

Physical examination showed tJiat lie was 
an obese, acutely ill white male. The blood 
pressure was 140/86 mm. of mercur}’. All 
movements of the trunk and e.xtremities were 
e.xquisitely painful. There w’ere no super- 
ficial tumor masses or enlarged l}'mph nodes. 
There was pronounced tenderness to light 
pressure over his clawcles, sternum, right 
humerus, costal margins and spines of Uie 
lumbar vertebrae. His heart was not definitely 
enlarged and tlie rate, rhytlim and sounds 
were normal. The lung fields were clear. No 
abdominal organs or masses were palpable. 
There was pitting edema as high as tlie knees. 
The prostate gland w'as irregular in contour, 
hard and tender. There was diffuse neo- 
plastic infiltration about the region of tlie 
seminal vesicles and info tlie pelWc tissues. 

E.xamination of tlie peripheral blood showed 
a slight anemia xvitli multi-segmented neutro- 
phils and a few immature granulocytes 
(Table 2). The urine appeared smoky and 
contained a moderate amount of protein. 
There were innumerable red blood cells in the 
urinar}’ sediment. Serologic tests for syphilis 
were negative. Blood chemical determinations 
were as follows: non-protein nitrogen 29 mg., 
calcium 10.0 mg., and phosphorus 1.8 mg. 
per 100 cc. The alkaline phosphatase was 14 
King-ArmsUong units per 100 cc. and the 
acid phosphatase 105 units. Roentgen exami- 
nation of the chest, spine and pelvis showed 
a slight mottling and increased density of tlie 
liimbo-sacral vertebrae and iliac bones. 

Bone marrow was aspirated from the 
sternum in a particularly tender area below 
the manubrium. The cortex was easily pene- 
trable by the needle. V^ith strong aspiration, 
however, only a small drop of sanguinous 
material could be obtained. Using the needle 
trephine a core of tissue 'vas cut out and then 
marrow could be aspirated without difficultv. 
In the stained films the predominant cells 
were obWoiisly foreign to the bone marrow, 
and occurred in sheets and circular clumps. 
The cells were somewhat larger than neutro- 
philic myelocytes. Tlieir nuclei were larcc, 
variable in size and had a fine chromatin 
p.attem and indistinct nucleoli. The cytoplasm 
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was poorly delimited at tire periphery and 
often vacuolated. Witli Wright’s stain the 
cytoplasm colored a weak blue. Bone marrow 
aspirated from a second puncture site a few 
millimeters from tlie first appeared to be nor- 
mal in cN’ery respect. 

A bilateral orchectomy was performed on 
Jan. 4, 1947. Premarin was given orally in a 
dose of 4.75 mg. per day for 2 weeks and 
then 1.25 mg. per day. One week after 
orchectomy tlie acid phosphatase had fallen 
to 15 units and Uie alkaline phosphatase to 
13 units per 100 cc. 

On a clieck-up e.\amination 3 months later, 
he reported gradual improvement. He had 
far less pain about his legs and hips. His 
weight had increased e.\cessively and lie tired 
easily. Ankle edema developed witli activity. 
Phj’sical e.vamination showed very slight 
tenderness over tlie superficial bones. Tiie 
prostate gland was smaller, smootlier and less 
indurated. The acid phosphatase had fallen 
to 2 units and tlie alkaline phosphatase had 
risen to 32 units per 100 cc. The blood values 
were all normal and there were no immature 
granulocytes in tlie circulating blood (Table 
2). Re-e.\amination of the bone marrow 
showed tliat a few tumor cells could still be 
identified. The nuclei of these cells were 


rounder, more densely stained and the nucle- 
oli smaller. The cytoplasm was more deeply 
stained and sharply delimited. 

The pain and stiffness in his back and 
e.xti'emities gradually disappeared and in a 
few more weeks he was able to return to 
work. Physical examination 8 months after 
tlie beginning of treatment showed no 
relevant abnormahties. Roentgen-ray films of 
tlie chest, lumbar spine and pelvis showed 
no definite skeletal disease. The blood values 
were normal. Sternal puncture was again 
performed. There was no increase in bone 
density and with aspiration he had consider- 
able suction pain. Fluid marrow was obtained. 
The total cellularity and differential cell count 
were normal. An occasional large foreign cell 
as previously encountered could still be 
identified. 

Case 3. H. McN., A-91961, a Carolina 
fanner, was 59 years old when first admitted 
to the Urologic Service of Duke Hospital on 
Sept. 20, 1942, for tire treatment of kidney 
colic. He had had several attacks of flank 
pain previously and had passed 2 small 
stones. Mild symptoms of prostatism were 
elicited and examination of the prostate gland 
showed benign hypertrophy. An impacted 
calculus was found in the right ureter and 



Fig. 2.— H. McN., A 91961, Roentgenogram of hip showing large area of osteolytic destruc- 
tion about acetabulum and position of needle when aspirating tumor implants. 
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this was removed by ureteroL'thotomy. His 
recover)' was imeventM. 

During the next 5 years tlie S)’mptoms of 
bladder neck obstruction gradually increased 
and finally he developed acute urinai)’ reten- 
tion. After a few days of intermittent catlie- 
terization at home he was again admitted to 
tlie hospital on Sept. 23, 1947. His general 
ph)'sical examination showed no rele\'ant ab- 
normalities. Two urologic consultants believed 
that his prostate gland showed only benign 
hypertrophy while one questioned tlie pres- 
ence of a carcinomatous nodule. A supra- 
pubic prostatectomy was performed. Path- 
ologic examination of the resected specimen 
was reported to show bem'gn glandular h)'per- 
plasia. Convalescence was prolonged due to 
pulmonar)' infarction but was eventually satis- 
factor)'. 

Ten montlis after the prostatectomy he 
developed pain in liis left hip and knee. This 
graduall)’ increased during the 2 or 3 months 
before he again sought adwce. On examina- 
tion he walked wth a limp. There was pain 
and limitation of motion about tlie left hip. 
Rectal examination showed post operatii'e in- 
duration of the prostate gland. Roentgen- 
ograms of die pelris showed a large area of 
bone destruction about the left hip joint 
(Fig. 2). The acid phosphatase was 2 }6ng- 
Amistrong units and the alkaline phosphatase 
7 King-Annstrong units per 100 cc. 

Hematologic studies u’ere requested. The 
peripheral blood and sternal bone marrow 
were found to be entirely normal. Bone 
marrow aspirated from the left iliac crest 
was of average cellularit)' and distribution of 
cell t)'pes. No foreign cells were seen. A 
needle was then implanted info the edge of 
the destructive lesion surrounding the aceta- 
bulum (Fig. 2).' Films made fro-n tiic aspi- 
rated marrow contained clumps of neopl.astic 
tissue resembling adenocarcinoma implants. 
After this discos'cr)' was made, the sections of 
the resected prostate gland were renewed 
and arc.is containing carcinoma were found. 
An orchectomy was done and estrogen fher- 
ap\' was started. There was immediate relief 
of pain about the left hip. 

Summar)' of Findings. Tlie preceding 
cases illustrate typical features of the 
natural historv of carcinoma of the 
prostate gland, some problems in diag- 
nosis, and the results of present dav 
therapy''"'”''" '-'’^. The major findings 
in the entire group of 30 patients arc 
summarized in Table 1. While the 
commonest symptoms resulted from 


Table 1.-SU.MMARY OF FINDINGS IN 
SO PATIENTS WITH CARCINOMA OF 
THE PROSTATE. 

No. of Cases 

Presenting Symptoms: 

Bladder neck obstruction 20 

Skeletal pain IS 

Altered or abnormal bowel habit 11 
Weakness with anemia 7 

Bleeding and purpura 1 

Interpretation of gland by palpation; 
Carcinomatous induration 25 

Probable carcinoma 2 

Not carcinoma 3 

Pronounced tenderness of sternum 14 

Roentgen-ray and Chemical findings: 
Osteoblastic skeletal lesions 15 

Acid phosphatase abos’e 3 K-A units 17 
Alkaline phosphatase above 10 K-A 
units 17 

Hematologic findings: Hemoglobin less 
th.an 12 gm. per 100 cc. 17 

Tumor cells demonstrated in marrow 17 
Leukoeiythroblastic anemia 8 

Number with osteoblastic skeletal 
lesions and, or, pathologically verified 
metasfases 21 

bladder neck obstruedon, skeletal pain 
from tumor metastases was nearl)" as 
frequent. An altered bowel habit sug- 
gested the possibility of colonic neo- 
plasm in 11 patients. S)'mptoms due 
to anemia or bleeding occurred in 8. 

Rectal e.xaminations as recorded by 
a group of urologic consultants showed 
diffuse or nodular induration in 25 
cases. One gland in 6 was considered 
by palpation to be normal or question- 
ably abnormal. 

Pronounced tenderness of the super- 
ficial bones, particularly the sternum, 
elicited by pressing firmly on the 
periosteum, was a significant and use- 
Kil physical sign present in 14 
patients^Tumor cells were demon- 
strated in tlie bone marrow of 12 of 
these and impenetrable bone rendered 
sclerotic by metastases in another"’*. In 
one instance sternal marrow metastases 
were demonstrated without bone ten- 
derness, anemia, Roentgen abnormality, 
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Case 2. L. D. W.. Q 96766 
1.0 64 1 


(Therapy: 1/4/47 orchectomy; estrogens) 
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and singly. Trephine: 
carcinoma. 
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McF., C 16069 
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or elevated phosphatase actiwty being 
present. 

An acid phosphatase level above 3 
King-Armstrong units per 100 cc. was 
found in 17 of the 30 patients. Four 
\vith normal values were demonstrated 
to have tumor implants in the bone 
marrow. 

The hemoglobin was less than 12 
gm. per 100 cc. in 17 of the 30 
patients. Tumor metastases were pre- 
sent in 16 of these individuals. The 
blood urea nitrogen was elevated in 
the 17th. Bone marrow metastases 
were demonstrated in 4 individuals 
who were not anemic. 

The more severe grades of anemia 
were of the so-called leukoerylbro- 
blastic type with immature granu- 
locytes or nucleated red cells present 
in the circulating blood®^. The latter 
abnormalities were not prominent un- 
less the hemoglobin was reduced to 
7.5 gm. or less. Leukocytosis was not 
obser\'ed. The eflFect of castration and 
estrogen tlierapy was studied in 6 
patients \\nth leukoer)'throblastic 
anemia in whom marrow metastases 
were demonstrated (Table 2). In the 
5 patients whose general response was 
goo5 the anemia became less severe 
or disappeared in a few weeks. As 
tlie anemia regressed the amount of 
tumor in the marrow demonstrable by 
serial aspirations decreased like\vise 
(Table 2). Bony sclerosis severe 
enough to make it impossible to pene- 
trate tlie sternum or otlier bones un'th 
a needle developed in one patient who 
had no anemia at the time or evidence 
of extra-medullar)^ blood formation. In 
the 6th patient the clinical response to 
castration and estrogen therapy was 
poor. Tlicre was progressive increase 
in the Boentgen e\4dence of skeletal 
metastases and in bone pain and tend- 
erness. The blood values continued to 
fall and the amount of tumor tissue 
demonstrable by marrow aspiration 
increased. 


The features by which tumor cells 
in bone marrow preparations may be 
reliably identified have been discus- 
sed at length by many investi- 
gators«-s.0.iG.i7.2i, 22, 26.35. PhotogTaphs of 
typical implants from prostatic carci- 
noma are reproduced in Figure 1. The 
most notable characteristic of tumor 
cells in bone marrow is that tliey are 
foreign cells, unlike those normally 
present or any derived from the mar- 
row in different pathologic states. A 
second feature is Aat tumor cells tend 
to adhere together in small or large 
clumps in narrow films in which the 
other cells are well spread. Tliey are 
sometimes arranged in circles sug- 
gestive of sectioned acini (Fig. 1, 
A. F.). The individual cells may vaiy 
moderatel)' in size. The chromatin pat- 
tern of their nuclei is usually quite 
dense and fine, but may be coarsely 
reticular. Nucleoli are frequently large 
and prominent or multiple. Tlie cyto- 
plasm, often tom away during the 
preparation of spread films, is usually 
abundant but cell boundaries are 
poorly delimited. With Wright’s stain 
the cytoplasm colors greyish-blue and 
may contain fine granules. Consider- 
able variation in Sie morphology of 
tumor cells that metastasize from pro- 
static carcinoma occurs, however, from 
patient to pab'ent. 

Tw'o or 3 montlis after orchectomy 
and tlie initiation of estrogen therapy 
the quanh't)'' of neoplastic tissue demon- 
strable in aspirated hone marrow is 
usually greatly reduced. Tumor cells 
may be difficult to demonstrate even 
by repeated punctures in areas that 
once contained abundant foreign 
tissue. Tlie neoplastic cells that remain 
occur in smaller, more compact clumps 
containing 2 to 5 cells with more 
densely stained and better delimited 
cytoplasm. Giant cells may develop 
(Fig. 1, G.). Tlie nuclei are usually 
more eccentric and pyknotic and tlieir 
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nucleoli less prominent tlian before 
therapy. 

Discussion. Somewhat over 60 % of 
patients diagnosed as having prostatic 
carcinoma ha\'e clinical evidence of 
bony metastases. Several routes of 
tumor spread have been postulated: 
direct e.\i:ension of tlie primary growtli, 
direct and reh-ograde migration by 
lymph channels, hematogenous dis- 
semination, and'Otliers. The frequency 
vdtli wliich metastatic implants can be 
demonstrated in tissue as remote as 
die sternal marrow, and die pre- 
dominant localization of die metastases 
in die well-vascularized bones contain- 
ing red marrow, suggests diat blood 
stream dissemination is the important 
route of spread of diis neoplasm. 
Tumor cells are oceasionally diseovered 
by marrow study before anemia, struc- 
tural weakening of die skeleton, or 
roentgenologic abnormalities have 
developed-*^. Implantation and growdi 
of tumor occurs dius primarily in die 
hemopoietic rather than in die osseous 
tissues. 

Metastases of prostatic carcinoma 
have been detected clinically in the 
past chiefly by the roentgenologic 
demonstration of the characteristic 
destructive and proliferative bony 
lesions. Odier findings almost equally 
indicative of tumor metastases are 
increased phosphatase activity, pro- 
nounced bone tenderness and anemia 
in the absence of azotemia. When one 
or more of these abnormalities are 
present, tumor cells can be aspirated 
from the bone marrow in a high per- 
centage of cases. 

Since carcinoma of die prostate is 
one of the few tumors amenable to 
chemotherapy, recognition of this 
gland as the source of metastases in 
obscure cases is highly important. The 
correct diagnosis is particularly likely 
to be missed when there is no palpable 
abnormality in the gland itself, when 
only localized bone lesions are pre- 


sent, or when the roentgenologic find- 
ings are atypical in other respects. In 
die latter instances marrow aspirations 
from areas particularly involved may 
yield valuable diagnostic findings^^-®^. 

The mechanism by which malignant 
tumors in general lead to anemia has 
been a matter of much discus- 
sion'*-^'^-^®’^"'-®-®'*. External bleeding, 
impaired nutrition, tissue necrosis, and 
fever are common in many neoplastic 
processes. Accelerated blood destruc- 
tion has been observed rarely. None of 
diese factors has been especially 
prominent in patients with carcinoma 
of the prostate. In many different 
tumors infiltration of the bone marrow 
occurs. This may interfere with the 
function of the hemopoietic tissues by 
marrow replacement, by producing 
fibrosis and scarring, perhaps secon- 
dary to disturbances in vascular supply 
as by arterial emboli, and the like. 
Many observers have failed to find a 
general correlation between the volume 
of bone marrow replaced by tumor 
and die severity of the anemia in neo- 
plasms. Marrow fibrosis has sometimes 
been prominent widi litde tumor being 
present®^. Piney^° described a gela- 
tinous transformation of marrow in 
some patients with tumor implants in 
the bone marrow similar to the changes 
produced by Huggins and Wiege^^ by 
disruption of the nutrient arteries. 

Three patients with myelophthisic 
anemia occurring as the presenting 
manifestation of prostatic carcinoma 
with skeletal metastases were reported 
recently by Commons and Strauss^. In 
agreement with others, they noted 
improvement in the anemia after cas- 
tration and stilbesterol therapy. They 
did not record bone marrow exami- 
nations and they regarded the mecha- 
nism of the anemia as somewhat 
obscure. They thought it reasonable to 
believe, however, that the hemopoietic 
marrow was crowded out by abnormal 
tissue. The findings in the present study 
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confirm this suggestion. In our series 
tlie individuals witli carcinoma of the 
prostate gland who were anemic almost 
invariably had bone metastases. In 
tliose with only localized or scanty 
diffuse implantation, however, tlie 
peripheral blood was normal. When 
anemia was present its severity paral- 
leled tlie degree of marrow infiltration. 
In tliose with hea\y infiltration or with 
marrow replacement tlie anemia 
improv'ed after therapy as the quantity 
of neoplastic tissue regressed, or 
became.' more severe as tumor growth 
proceeded in spite of therapy. The 
hematologic response of indiiuduals 
witli anemia due to marrow invasion 
by prosratic cancer has been of prog- 
nostic value reflecting the overall 
therapeutic response to endocrine 
tlierapy^®'^-'^® and should be more 
generally utilized. 


Summary'. Tumor cells were demon- 
strated by aspiration in tlie sternal or 
iliac bone marrow in 17 of 30 patients 
wdtli carcinoma of the prostate gland. 
Twenty-one had Roentgen-ray or patli- 
ologic evidence of metastases. Implan- 
tation appears to occur primarily in 
tlie hemopoietic ratlier tlian in the 
osseous tissues. Anemia in the absence 
of azotemia occurred only in tliose 
who had metastases. Gross infiltration 
of the bone marrow was associated 
wdtli severe anemia. Immature granu- 
locytes and nucleated red blood cells 
became prominent in the circulating 
blood when the hemoglobin was 
reduced to 7.5 gm. or below. Following 
castration and estrogen tlierapy, the 
anemia regressed as tlie amount of 
tumor tissue demonstrable in tlie bone 
marrow decreased, or became more 
severe as tumor groirth progressed in 
spite of therapy. 
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Interdependent relationships be- 
tween tlie various endocrine organs 
have long been identified and experi- 
mentally tested. Hormones elaborated 
by a given endocrine gland stimulate 
a cytologic response in another and 
tlie extirpation of one is likely to incite 
cytologic and functional disturbances 
in another. The pituitar)'-thyroid inter- 
relationship has been thoroughly dem- 
onstrated clinically and e.xtensively in- 
\'estigated experimentally. Th)'rotropic 
hormone when given to normal animals 
incites a tliyroid hyperplasia, with con- 
sequent elaboration of diyroid hormone. 
Conversely, thyroidectomy, which re- 
sults in lowered concentrations of 
thyroxin in the blood, exerts a stimu- 
lating effect upon certain constituents 
of the anterior lobe of the pituitary 
gland and a tliyroid-stimulating hor- 
mone is elaborated. 

The rather recent identification and 
development of a number of goitro- 
genic substances have provided a new 
approach to a study of the pituitary- 
thyroid axis. Seeds of the Brassica plant 
family, soybean flour, phenylthio- 
carbamide, certain sulfonamide com- 
pounds, thiourea-like drugs, 4,2'-dia- 
minophenyl-5'-thiazolyl sulfone (prom- 
izol) and many other drugs have been 
shown to be goitrogenic. 

Most of these goitrogens induce a 
functional thyrostasis, wherein the 
thyroid eell collects reduced amounts 


of iodine, thereby greatly restricting 
the amounts of tliyroxin that die thyroid 
cell may synthesize. Concentrations of 
thyroxin in the blood are consequentiy 
lowered, with die result that presum- 
ably increased amounts of thyrotropic 
hormone released by the anterior lobe 
of die pituitary stimulate a marked 
hyperplasia of die thyroid which re- 
sults in the development of large 
goiters, some of which have been re- 
ported. These thyroid changes may be 
prevented, even while a goitrogen is 
being administered, by providing the 
daily requirements of thyroxin (Gries- 
bach and Purves 1945^^; Higgins and 
Joneson 1946^^). Likewise, goiters do 
not develop in animals given the goit- 
rogen, if they were previously hypo- 
ophysectomized ( Griesbach, Kennedy 
and Purves 1941^^; Higgins and Ingle 
1946^^). Coincident with the develop- 
ment of the goiter, prolonged admin- 
istration of die goitrogen has been 
shown to produce marked degrees of 
exophthalmos. Since it has been shown 
that protrusion of the eyes may be 
produced in guinea pigs by giving a 
thyroid-stimulating hormone®, diere is 
at least some reason to believe that the 
symptoms affecting the eyes which 
ensue on the use of certain goitrogens, 
are due to increased elaboration of 
thyroid-stimulating hormone. 

Thus the experimental data implicate 
the pituitary gland in inciting the thy- 
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roid h)'perplasia, but obsen'ations with 
respect to the c\tologic changes within 
the anterior lobe of the pituitar}" gland 
of animals given goitrogens are some- 
W'hat conflicting. 

Marine, Rosen and Spark^® (1935) 
described an increase in the size of 
the cells and a decrease of die acido- 
philic granules of die pituitaries of rab- 
bits fed a goitrogenic diet. Nelson and 
Warkany-^ (1938) fed rats a rachito- 
genic diet w’hich w'as shown to be 
goitrogenic, and described groups of 
large pale cells in die pituitary gland 
which gave it a spong)' appearance. 
Sliarpless and Hopson-® (1940) by use 
of a soybean diet, show'ed decreased 
proportions of acidophilic cells, and 
increased proportions of basophilic 
cells. Griesbach® ( 1941 ) described con- 
spicuous cell changes in die pituitaiy' 
gland of animals fed a diet of Brassica 
seeds. These included a rapid increase 
in the number of basophilic cells with 
I'acuolations. Griesbacli and Purv'es^® 
(1943) found a veiy^ marked increase 
in the percentage of basophils widiin 
the anterior lobe of the pituitaries of 
those animals fed their rape seed diet. 
Tliis seemed to be correlated with cor- 
responding increases in the tlmotropic 
activity of the semm. Williams, Wein- 
gla-ss. Bissell and Peters®^ (1944), how'- 
ever, reported that the pituitan’^ glands 
of thiouracil-treatcd animals were 
smaller than normal and that micro- 
scopic changes, incident to giving the 
goitrogen. could not be detected. Gries- 
bach and Pun'es^' (1945) examined 
the cvtologic response of the pituitary’ 
to known degrees of thyroxin deficienev 
and concluded that a slight reduction 
in the concentration of thyroxin in the 
scnim caused an increase in the per- 
centages of basophils and that the baso- 
philic cells of the anterior lobe were 
fl'.e source of thsTotropic secretions. 

Mellgren’'' (1915) reported an in- 
crease in the number of hyaline baso- 
phils and hypertrophic amphophils in 


the pituitary’ glands of patients with 
Cushing’s disease or adrenal sirilism; 
W’hich increase he considered to be an 
expression of a corticotropic hyper- 
function of the anterior pituitary'. In a 
recent report, Mellgren®® (1948) con- 
cluded from an e.xtensive study on 
normal and hypophysectomized rats 
that the pituitary changes he had de- 
scribed in the adrenogenital diseases 
w’ere not the result of a hyperfunction 
of tlie adrenal cortex. The adrenal 
changes, he believed, w’ere the results 
of tlie increased production of cortico- 
tropic hormone w'hich produced tlie 
hy'perfunction of the adrenal cortex. 

Changes in the pituitary’ incited by 
low'ered concentrations of tliyro.vin in- 
duced by’ giving certain goitrogens are 
similar in many respects to those w’hich 
ensue on thy’roidectomy’. Zeckw’er, 
Davison, Keller and Livingood®® (1935) 
described a depletion of the acidophils 
and an increase in tlie number of basic- 
staining cells. Numbers of “thy’roid- 
ectomy’ cells” W’ere taken to be trans- 
formed from cells containing blue 
granules. 

The present report includes the re- 
sults of a study’ wherein w’c have 
c.xamined the pituitary glands of groups 
of animals which w’erc given 3 differ- 
ent goitrogens for periods up to 90 
day’s. 

E\pcriincntnl Mclhod'!. Vit’orou': male rat<:. 
weighing 60 to 90 gm., were .■iclccted .and 
ibolatecrfor this study. Tliey were housed in 
metal cages, on metal screen, and fed the 
standard laboratory' ration used at the Insti- 
tute of Experimental Medicine. Both food 
and svatcr were provided ns desired. Four 
groups of anim.ils were arranged: .3 of these 
groups reccis'cd the S goitrogens selected for 
studs', and the 4th group sers'cd as controls. 
Tlte goitrogens selected for studs' of the 
clianges induced svithin the pituitaries were 
promirol. diethyl thioharbituric acid (thio- 
liarbit.al) and 2-niercapto d-pjTimidonc (thio- 
iiracil). We used llie tables provided bv the 
extensive study of McGinty and Bysvatcri''-'^' 
(19 III. ss'hich ss'as based on the ability of 
the dnig to retiucc the iodine content of 
the thsToid to 12 mg.?, to establish the fol- 
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lowing concentrations of these goitrogens in 
the diet provided tlie test animals. Promizol 
was given in amounts equivalent to 0.30% 
of tl\e diet; thiobarbital, equivalent to 0.44% 
of tlie diet, and thiouracil, 0.54% of die diet. 

Obser\'ations were made on the basal 
metabolic rates, die thyroid and the pituitary 
glands at die end of 24, 48 and 72 hours 
and of 7, 14, 30, and 90 days of experimental 
restriction. Tlie apparatus employed for the 
computation of die basal metabolic rates 
has been previously described (Chapman, 
Baldes and Higgins^, 1944). All animals were 
killed b)' deep ether anesthesia. Tlie thj'roid 
glands were removed, weighed immediately 
on a Roller-Smitli torsion balance, fixed in 
10% formalin and appropriately stained. Aci- 
nar cell heights were measured by means ot 
a Leitz echelon ocular micrometer. The pitui- 
tarj’ glands were removed, weighed on die 
torsion balance and fixed in Regaud’s fluid, 
consisting of 80 cc. of a 3% solution of 
jiotassium dichromate in 20 cc. of full-strength 
formaldehyde. 

Mtcr fixation for 8 days, %\4th frequent 
change of fixative, the glands were washed, 
dehydrated and transferred to cedar oil, 
embedded and cut in serial sections 3 
microns in thickness. After rehydration, the 
sections were mordanted in a 3% solution of 
potassium dichromate and stained according 
to a modification of the Cleveland-Wolfe^ 
(1932) staining technic.® In sections appropri- 
ately stained, the erj'throcytes stain light yel- 
low, connective tissues stain blue and the 
large glandular cells ivitli nongranular cyto- 
plasm remain unstained or stain very light 
blue; other granular cells stain dark blue, 
with a variable amount of purplish red gran- 
ules and still others may contain large yel- 
lowish orange granules. 

An adaptation of tlie method of Rasmus- 
sen and Herrick22 (1922) for determining tlie 
percentage distribution of tlie cells compris- 
ing the anterior lobe was used. By this 
method a section from each quadrant of the 
gland was used; all the cells were counted in 
every fifth oil-immersion field in every fifth 
row. In this way it is possible to avoid 
counting a cell more than once. 

Results. Basal Metabolic Rates. 
Basal metabolic rates obtained at fre- 
quent intervals during tire 90-day test 
period show that hypothyroidism had 
been produced in all animals. At the 
end of the test period the average 


number of calories per sq. m. per hour 
consumed by animals comprising the 
control group was 46.1. In animals 
receiving promizol, tlie figure was 30.4 
calories; in those receiving thiobarbital, 
it was 34.3, and in those receiving 
thiouracil it was 38 calories per sq. m. 
per hour. Thus promizol had apparently 
induced the greatest decline in oxygen 
consumption, resulting in a basal rate 
of minus 34%; thiobarbital a minus 
25.6%, and thiouracil a minus 17.6%. 
The mean basal rate of those animals 
which had been previously thyroid- 
ectomized, and given the standard 
ration without goitrogen, was a minus 
16.1%. 

Thyroid Glands. Gross changes in the 
ap 2 iearance of the diyroid glands were 
first detected at the end of the 72-hour 
test period. Glands of test animals were 
more hyperemic than those of die con- 
trols and significant increases in the 
weight of the tliyroid gland of each test 
animal were recorded. On the seventh 
day the glands of all test animals 
weighed approximately twice that of 
the controls; on the ninetieth day the 
relative weights of the thyroid glands 
of animals taking promizol were 12 
times those of their controls, those 
taking thiobarbital were 6 times those 
of their controls, and those taking 
thiouracil, in die amounts given, were 
approximately 4 times those of their 
controls. 

Histologic changes accompanied the 
changes in weight of the gland, and, 
in this experiment, were essentially 
those which have been described in 
earlier reports regarding reactions of 
thyroid glands to goitrogens. Loss of 
acinar colloid was an early indication 
of change in all diyroids examined. 
Coincident with colloid fragmentation 
were the increases in acinar cell 
heights, resulting in highly columnar 


® We are indebted to Dr. J. F. Hartmann of tbe Department of Anatomy of the Uni- 
versity of Minnesota for his personal direction in the use of his own modification of the 
staining procedure employed in this study. 
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epithelium. In tlie longer periods, 
papillary infoldings of the epithelium 
which resembled the parenchymatous 
hyperplasia of clinical e.\ophthalmic 
goiter, were produced. New acini 
appeared as a result of clefts in acinar 
epithelium of older acini. 

Significant increases in the height of 
the acinar cell epitlielium were re- 
corded as early as 72 hours after the 
beginning of experimental restriction. 
At this time the mean acinar cell height 
of tliyroid glands of the control animals 
was 3.58 microns; that of animals tak- 
ing promizol was 10.60 microns, that 
of those taking thiobarbital was 7.89 
microns and that of those taking 
thiouracil was 8.28 microns. At the end 
of the 30-day test period, correspond- 
ing figures for these respective groups 


glands of the test animals were cer- 
tainly more h)fperemic. 

Tire absolute weights of tlie glands 
were not significantly altered among 
the groups of animals *by the conditions 
of the experiment. At 72 hours, for 
example, the average weight of the 
glands of 5 control animals, weighing 
63.6 gm. was 2.7 mg.; tlie weight of 
glands of animals taking promizol was 
3 mg.; of animals taking thiouracil was 
3 6 mg. and of animals taking thio- 
barbital it was also 3.6 mg. The aver- 
age body weight of animals in the test 
groups at this time was slightly greater 
than that of animals in the control 
group; when the relative weights of 
the glands were contrasted, differences 
were not apparent (Table 1). 

The data assembled on the fourteenth 


TABLE 1. WEIGHTS OF PITUITARY GLANDS OF RATS RECEIVING GOITROGENS 


Elapsed 

Control 

Pituitar>' 

Promirol-fcd 

Pituitary 

Tluouracil-fcd 

Pihiitnn 

ThiobadiitM-fcd 

Pituitar> 

Body 

gland 

Body 

gland 

Bod) 

gland 

Bod) 

gland 

time 

WClRllt, 

n eight. 

\\ eight 

w eight. 

weight, 

weiplit. 

w eight. 

w eight. 

72 hours 

pm 

mg. 

gm. 

mg. 

sm. 

mg 

gm 

mg. 

63 6 

4.3 ± 0.1 

72.0 

42*01 

78 0 

4.6 * 0 1 

75 2 

48*03 

14 days 

121.6 

4.6 ± 0 1 

102 0 

56*01 

117 2 

58*01 

143 0 

55*02 

80 days 

162 5 

38 ± 02 

105 2 

55*01 

126 5 

53*01 

105 5 

6 8 * 0 v3 

90 days 

264 0 

38 ± 01 

205 5 

6.5 * 0 2 

181.6 

59*01 

162 8 

68*03 


were 3.68, 11.04, 10.31 and 10.28 
microns. At the termination of the 
experiment (90 davs) such marked 
stimulation of the thyroid epithelium 
had occurred in all groups, and such 
extreme patterns had resulted, that 
attempts to gain anv accurate meas- 
urements of the height of the columnar 
cells xvere not made, 

PUitiianj Glands. Certain of the data 
on the relative xveights of the pituitary 
glands assembled from animals killed 
at xarious interx'als during the 90-dav 
lest period hax’e been condensed in 
Table 1. Grossb’. the pituitarics of the 
test animals did not aopcar to differ 
greatly from those of the control 
group; although, as the experiment 
progressed, it was obvious that the 


dav of the experiment indicate that 
there were some real increases encount- 
ered in the absolute weights as xx'ell 
as in the relative weights of the glands 
At this time the moan absolute weights 
of the glands of the 4 groups were; con- 
trols, 4.6 mg.; promizol-fed, 4 7 mg.; 
thiouracil-fed, 6.2 mg.; and thiobarbital- 
fed, 7.8 mg. Tlie relative weights- 
weight of pituitan' gland per 100 gm 
of bodv weight-showed slight but sig- 
nificant increases (Table 1). 

At the termination of the experiment, 
pituitarx' glands of all test animals were 
cxtremelv hvnercmic; vet only slight 
increases in the weights of glands of 
control animals xx'crc recorded for the 
elands of test anim.als. Tlie axorage 
v’cight of the glands of the control 
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animals at the termination was 10 mg.; and test animals studied at 24 and 72 
of promizol-fed animals, 13.3 mg.; of hours and 7 days, and at 14, 30 and 90 
rhiouracil-fed, 10. i .; and of thiobarbital- days of experimental restriction are 
fed, 11.1 mg. The relative weights of graphically portrayed in Figs. 1 and 2. 
tire pituitaries, hower'er, were all sig- Using the described technic of tab- 
nificantly higher in test animals than ulating, we attempted to record tire 
in confa'ols. All test animals had gained percentage of tire 3 types of cells com- 
less in bod)' weight than tliose of the prising tire anterior lobes. In our hands 
control group; so that, per 100 gm., the tire percentage of tire acidophils of con- 
w'eights of tire pituitaries were greatly trol animals varied from 54.7 (animals 
increased (Table 1). killed at 24 hours) to 71.3 (animals 

Although the absolute average killed at 90 days). Thus the older the 
weights of the pituitary glands of tlrese animal, the higher tire percentage of 
test animals were irot greatly altered acidophils. The percentage of basophils 
from tire ar'erage weight recorded for varied from 17.2 (animals killed at 90 
the controls, yet, witlr tire technic era- days) to 34.1 (animals killed at 7 
ployed, microscopic changes were evi- days). In contrast to the percentage of 
dent as early as 72 hours after experi- acidophils tire percentage of basophils 
mental restriction u'as started. The per- was highest in younger animals, and 
centage distribution of tire cell popula- lowest in tire older animals, 
tions of tire pituitary glands of control Very definite changes in the percent- 



f— H" 

24 hours 72 hours . 7 days 


Acidophiis HI Basophils EI3 Chromophobes 

Fig. 1. The percentage distribution of cells comprising the anterior lobes of pituitary glands 
of animals taking the various goitrogens for 24 hours, 72 hours, and 7 days. 
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age distribution of the cliromophil cells percentage of basophils continued to 
occurred in tlie anterior lobe of all rise until at the end of die experiment 
animals receiving the goitrogens. In (90 days) only 9.S% of all cells counted 
animals recei\TOg promizol, for exam- were ’acidophils, and 82.4% were 
pie, 63.9% of all cells studied at die 24- basophils. 

hour inten'al were acidophilicj 24.7% We could not detect significant dif- 
were basophilic and 11.4% were classed ferences between die cytologic pattern 
as chromophobes. These figures are of the pituitaries wndiin die 3 groups 
presumably irithin the normal range, of animals gii^en die 3 goitrogens. In 
At the 72-liour interval 52.7% of acido- all 3 test groups extreme basophilia had 



Acidophils Hli Basophils 1 1 Chromophobes 


Fic. 2. Tlic percentage distribution of cells comprising the anterior lobes of pituitarj’ glands 
of animals faking the various goitrogens for 14, 30, and 90 days. 

phils and 40.1% of basophils were re- developed in die anterior lobes of all 
corded. Tlie percentage of acidophils animals e.xamined. A corresponding 
might still have been udthin die normal basophilia had developed in the antcr- 
rangc, but the elevated percentage of ior lobes of animals which had been 
basophils was indicative of extreme tlnToidectomizcd several u’ceks before 
basophilia which later developed in the the experiment was started (Fig. 2.). 
anterior lobes of animals taking any of Tliese data show that in this latter 
the goitrogens. During the succeeding group die percentages of acidophils, 
weeks of the test the percentage of basophils and chromophobe cells were 
acidophils continued to decline and the closely similar to those wc obtained 
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for tlie same categories of cells in 
animals receiving tlie goitrogens we 
provided. 

These changes in tlie cellular distri- 
butions ndthin tlie pituitary glands of 
animals receiving tlie goitrogens were 
reversible. To test tliis, a series of ani- 
mals was given tlie goitrogens for 30 
days. At tliis time, from our previous 
data, we had reason to believe tliat 
advanced basophilia had already de- 
A'eloped in tlie anterior lobes of their 
pituitaries. Our previous census of 
cells at 30 days (Fig. 2) had shown 
diat the percentage of acidophils 
ranged from 17.9 to 22.8, and tliat of 
basophils ranged from 6S.4 to 73.3. At 
the end of tlie 30-day period, tliere- 
fore, all goitrogens were removed and 
all animals were fed tlie standard ration 
for an additional 30 days. All were 
tlien killed; tlie pituitary glands were 
fixed and prepared for study in the 
same manner as before, and tlie per- 
centage distributions of the 3 types of 
cells were recorded. The data show that 
complete restoration of so-called nor- 
mal percentages had not yet occurred. 
The percentage of acidophilic cells in 
these animals ranged from 54.9 to 57.2; 
and tlie percentage of basophils ranged 
from 36.8 to 40.0. Tliese basophil per- 
centages are still considerably liigher 
than those which we had accepted as 
representative of normal in unstimu- 
lated pituitary glands (ranging from 
17.2 to 34.1%); so that a complete 
return to normal distributions was not 
attained within the 30-day period, 
although marked reversible changes 
had certainly taken place. 

Comment. All data assembled on the 
percentage distribution of cells com- 
prising the anterior lobes of the pitui- 
taries of all animals receiving Ae 3 
goitrogens showed clearly that a 
marked basophilia had developed dur- 
ing the 90-day test period. Basophilia, 
we believe, was due to a lowered con- 
centration of thyroxin in tlie blood, tlie 


result of die inhibiting effect of the 
goitrogens upon tliyroxin synthesis, 
and it represents an effort on the part 
of tlie anterior lobe of tlie pituitary to 
provide increasing amounts of tliyroid- 
stimulating hormone. We have not 
assayed tliese glands for die content of 
diyroid-stimulating hormone, nor have 
we examined die blood serum for hor- 
mone content. Gordon, Goldsmith and 
Charipper” (1945) concluded that die 
hormone level was lower in both pitui- 
tary glands and serums of animals 
made goitrous by diiourea. Griesbach 
and Purves^^ (1945), on the odier 
hand, showed diat in cases of gross 
deficiency of diyroxin, an excess of 
thyrotropin was detected in the blood 
serum. These authors examined the 
cytologic and functional responses of 
die pituitary to various degrees of thy- 
roxin deficiency induced by total thy- 
roidectomy, subtotal thyroidectomy, 
and by combining these procedures 
widi die administi-ation of diiourea. 
They concluded that even slight reduc- 
tions in die normal concentrations of 
thyroxin induced increased activity and 
increased numbers of basopliils. These 
audiors did not obtain as high per- 
centages of basophils as we have re- 
ported, but, when they gave increas- 
ing amounts of thyroxin, die percent- 
ages of basophils in the anterior lobes 
were progressively reduced. They con- 
cluded diat such increased percentages 
of basophils were correlated with 
increased secretions of tiiyroid-stimu- 
lating hormone. In the production of 
thyroid adenomas by feeding their 
Brassica seed diet, Griesbach, Kennedy 
and Purves^® (1945) described changes 
in the pituitary glands which included 
increased basophilia widi mitosis and 
a reduction in numbers and in granu- 
lation of the acidopliils. The weights 
of die pituitaries did not increase. 

The studies of Dempsey and Wis- 
locki'* (1945) are of interest in their 
bearing on our o\vn observations. They 
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have studied the cytoplasmic baso- 
philia, not only of the pituita:[y but of 
tlie placenta as well, uith respect to 
tlie chemical nature of tlie substances 
which gave these tinctorial reactions. 
They studied sections of pituitary 
glands of rats which were incubated 
in solutions of crj'stalline ribonuclease 
and learned tliat the basophilia, so evi- 
dent after staining with eosin-methy- 
lene blue, was abolished by digesting 
the glands with ribonuclease. Bracheri 
(1940) showed tliat treatment witli 
ribonuclease abolished tlie cytoplasmic 
basophilia of cells of the pancreas, 
intestine and nervous system. Likewise, 
Desclin® (1940) had shoivn tliat the 
basophilia of the pituitaries of rats 
detectable by toluidine blue, which 
increased in concentration during preg- 
nancy and after treatment noth estro- 
gens, was abolished by treating sections 
with a crude e.\'tract containing rib- 
onuclease. 

Since basophilia is abolished by tlie 
enzyme, ribonuclease, it is concluded 
that basophilia must be attributed to 
the presence of ribonucleic acid, showm 
to be active in protein synthesis. Rib- 
onucleic acids are more abundant in 
inmature than in mature cells, and 
Greenstein® (1944) concluded that the 
ribonucleic acids function in tlie s}ti- 
thesis of the cellular proteins. 

Accordingly, the increased basophilia 
which we have encountered in tlie 
pituitaries of our animals may indicate 
increased nucleic acid content and 
thus increased protein si'nthesis \ritli 
increased cellular secretions. Altliough 
we have not employed the technic of 
Dempsey and Wislocki^ (1945), and 
thus do not know the effect of rib- 
onuclease upon the basophilia encoun- 
tered, we ha%e reason to believe that 
there was presumably an increase in 
the nucleic acids and an increase in 
the -svmthesis of the .specific secretions 
in the pitnitar\- cells. We do not know 
that thyrotropic hormone was released 


in increased amounts as a result ot this 
increased basopliilia. And }’et, objec- 
tively, the marked degrees of exo- 
phthalmos encountered and the e.x- 
treme h}'perplasia of die thyroid epi- 
dielium are physiologic reactions which 
postulate increased elaboration of hor- 
mone. 

Wolfe’s recent studies-® (1948) 
sustain tlie earlier conclusions tliat cyto- 
plasmic basophilia is associated witli 
the secretory' activity' of tlie cells of tlie 
anterior lobe of the pituitary'. Wolfe 
showed diat when rats were given 
estrogens die acidophils became de- 
granulated and by proper staining were 
found to contain basophilic substance. 
Likewise, chromophobes were charac- 
terized by a cytoplasmic basophilia. 
Wolfe showed, too, diat this basophilia 
of both degranulated acidophils and 
cliromophobes induced by administra- 
tion of estrogen was abolished by rib- 
onuclease, thus demonstrating the 
presence of ribonucleic acid in these 
cells. 

Summary', A study of basophilia 
which developed in die anterior lobes 
of pituitary' glands of rats fed know'n 
percentages of 3 well-know'n goitro- 
gens, in a standard ration, for periods 
up to 90 days, is reported. All test 
animals, taking the goitrogens, showed 
greatly liyperplastic thyroid glands and 
lowered basal metabolic rates, indi- 
cating the lowered concentrations of 
thyroxin in the blood which these 
goitrogens arc kmown to induce, by 
their influence upon the uptake of 
iodine and its conversion into diiodo- 
tyrosine within the diy'roid gland. 

' Basophilia was first significantly evi- 
dent in pituitaries of animals fed die 
goitrogens for 72 hours. The percentage 
of basophils, of all cells counted at that 
time, ranged from 3o.3 to 40.1 and was 
significantly higher than the percentage 
of 29 established for the control group 
of animals at that interval. Tlie per- 
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centage of basophils progressively 
increased during the remaining weeks 
of the experiment, so that at 90 days, 
the percentages of basophils ranged 
from 82.4 to 87.8. 

This extreme basophilia— higher than 
any hitlierto recorded— we believe, is 
correlated vath increased synthesis and 
elaboration of hormone. Direct and 


conclusive evidence for tliis conclusion 
is not available, but systemic reactions 
such as extreme exophtlralmos (Do- 
byns®, 1946) and tliyroid hyperplasia, 
knoum to be induced by increased 
amounts of tliyroid-stimulating hor- 
mone, both indicate increased syntlresis 
of this hormone by the greatly in- 
creased numbers of basophilic cells. 
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In 1945 w'e* reported a series of 67 
cases of pneumococcic meningitis 
treated with penicillin. Of tliese 67 
patients 26 recovered and 41 died, rep- 
resenting a recover)' rate of 39,?. It was 
es'ident from the report that tlie prob- 
lem of therapy in this disease required 
furtlier in\'estigation. The study was 
therefore continued in the present series 
of 125 cases of pneumococcic menin- 
gitis and fonns the basis of this paper. 

Material. There are 125 consecutive 
cases in this series and the)' were seen 
between June 13, 1944, and October 
20, 194S. The diagnosis was definitely 
established in each instance by cultur- 
ing or hqring the organism from the 
spinal fluid. 

Clinical Aspects. Most of the pa- 
tients presented the t)'pical picture of 
meningitis on admission, Tlie individ- 
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ual patients showed considerable \'ari- 
ation in the se\'erih' of the disease, but 
most of them appeared critically ill. 

Tliere was a wide range in age, (See 
Table 1.) 

In this series of cases a primar)' focus 
was established in 7S instances. A def- 
inite focus in the ear, mastoid or both 
was found in 36 of the cases. While this 
series shows a record of only 6 instances 
of definite sinusitis, it is possible that 
this condition e.visted more frequently 
than it was recognized. In 27 patients 
the presence of pneumonia was re- 
garded as the probable primar)’ focus. 
There were 7 cases of head injur)' with 
a fracture through a sinus, mastoid or 
base of the skull in 5 instances. In 2 
cases the meningitis followed cellulitis 
of the face. There remained 47 cases 
in which the meningitis was preceded 
either by no obvious illness or by a 
simple upper re.spirator)’ infection. 

B.vcterioi.ogic Diagnosis. Diagnostic 
lumbar punctures were performed in 
all the cases on admission, llic cere- 
brospinal fluid showed var)'ing degrees 
of turbidit)’. Tlie cells were greatly 
increased in number with polymorpho- 
nuclears predominating. In the majorilv 
of instances the protein content was 
moderately to greatly increased. Sugar 
was either absent or considcrablv di- 
minished in all cases. Stained smears 
of the cerebrospinal fluid showed vary- 



TREATiMEOT OF PNEUiMOCOCCIC MENINGITIS WITH PENICILLIN 


261 


ing numbers of Gram-positive diplo- 
cocci in 101 instances. Pneumococci 
were grown from the fluid in 120 of 
tile cases. The organisms were t^'ped 
in these cases from tlie cultures and in 
many instances directly from the spinal 
fluid. In the 5 cases witli negative cul- 
tures, the pneumococcus was identified 
by direct typing from the spinal fluid. 

Many strains of pneumococci were 
represented in the series. There was an 
apparent relationship between menin- 
gitis due to T)qie 3 and an otitic infec- 
tion as shown by the fact that of 15 
cases due to this type, the primary 
focus was otogenic in 11 instances. 
Blood cultures were made in 62 cases 
prior to the institution of sulfonamide 
and penicillin therapy. These were 
positive in 28 instances. 

Penicillin sensitivity determinations 
were made on 75 strains. The range of 
sensitivity of the organisms is shown in 
Table 2. The marked susceptibility of 
these organisms to penicillin is quite 
apparent. 


TABLE 2. PENICILLIN SENSITIVITl' 
OF PNEUMOCOCCI-75 STRAINS 


Range of Sensitivity 

Units Penicillin per ml. 

Number of 

Under 0.001 

0 

0.001-0.004 

33 

0.005-0.016 

39 

0.02-0.06 

3 

Over 0.06 

0 

Total 

75 


Treatment. In this series penicillin 
was administered intrathecally in all 
but 2 instances. In addition, all the 
patients were treated with penicillin 
intramuscularly and most of them re- 
ceived also a sulfonamide, usually sul- 
fadiazine. There was considerable vari- 
ation in the intrathecal and intramus- 
cular dosages of penicillin as well as in 
the number of intraspinal injections and 
the duration of intramuscular treat- 
ment. The schedule of penicillin ther- 
apy finally evolved is shown in Table 3. 


TABLE 3. PENICILLIN DOSAGE 
SCHEDULE IN PNEUMOCOC- 
CIC MENINGITIS 

Intrathecal Intramuscular 

Units per Injec- Units Days of 

Arc Injection tions Per Day Treatment 

Up to 

4 years 25000-50000 3-5 400,000 7-10 
Older 
Children 
and 

Adults 50000-100000 3-5 800,000 7-10 

In 8 cases an attempt was made to 
treat the patient with penicillin given 
intramuscularly but not intraspinally. 
In addition tliese patients received sul- 
fadiazine. A satisfactory response was 
obtained in only 2 of these cases. In 
the remaining 6 instances there was a 
failure of response requiring the addi- 
tional use of intrathecal penicillin. It is 
necessaiy to mention also that in 10 
instances mastoidectomy was per- 
formed. 

Results. In tins series of 125 cases 
tliere were 92 recoveries and 33 deaths, 
a recovery rate of 73%. It will be seen 
from Table 1 tliat among 97 cases under 
51 years of age there were only 14 
deadrs, whereas among 28 cases above 
that age there were 19 deaths. It is 
clear tlien that the prognosis was 
decidedly worse in the older age 
groups. It is important to note that 
among tire fatalities tlrere were 7 cases 
in which adverse contributory factors 
were present. These included 3 in- 
stances with inadequate intraspinal 
penicillin therapy, 2 cases complicated 
by a secondary B.pyocyaneus menin- 
gitis, a case with acute bacterial 
endocarditis, and a case associated with 
multiple severe injuries. In addition, 5 
of the patients died within 24 hours 
following the institution of penicillin 
therapy. 

Spinal Fluid Changes During the 
Course of Treatment. With the insti- 
tution of penicillin therapy a fairly 
prompt disappearance of the pneunio- 
cocci was noted in the vast majority of 
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t}ie cases. However, as pointed out in 
a pre\'ious paper’ the early disappear- 
ance of the organisms could not be 
relied upon as an indication of the 
control of the infection. A more depend- 
able index is the return of the sugar to 
normal. 

Repeated determinations of the con- 
centration of penicillin in the spinal 
fluid were made in 94 instances. These 
showed enormous variations and could 
not be correlated wnth the clinical 
results. 

Complications and Reactions -Due 
TO Intt.athecal PENiaLLiN. In this 
scries of cases a reaction attributable 
to the intrathecal administration of 
penicillin was encountered in several 
instances. The data relating to these 
reactions are shown in Table 4. It may 
bo noted that arachnoiditis followed by 
subarachnoid block occurred in only 
one instance, and irritative cerebral 
phenomena were encountered in 4 
cases. The outstanding irritative symp- 
toms consisted of p)Te.\ia, delirium and 
conMilsions which occurred within a 
few hours after the intrathecal injection 
of the dnig. It will be seen from the 
table that this type of reaction was 
induced in 3 instances bv dosages of 
30,000 to 100,000 units of the drug and, 
in one instance, bv an inadvertent in- 
jection of 500,000 units. Following the 
subsidence of the reaction, 2 of the 
patients were able to tolerate smaller 
doses of penicillin intraspinally without 
untoward effect. With regard to the 


fatalities, it may be noted that in the 
case with subarachnoid block the death 
was unrelated to tlie reaction while in 
the other instance the fatal issue ap- 
peared to be closely related to the 
reaction. 

In addition tliere were 4 instances 
of a secondary meningitis due to 
B.ptjoctjanetts introduced during the 
intratliecal administration of penicillin. 

Relapses. It is well known that 
pneumococcic meningitis may on occa- 
sion relapse. In the present series this 
occurred in only 3 instances, in 2 of 
which intraspinal penicillin had not 
been used prior to the relapse. Fol- 
lowng a short course of adequate 
intraspinal penicillin therapy these 3 
patients reco\’ered completely. 

Sequelae. In this series there were 4 
instances of serious damage to the brain 
resulting in hydrocephalus, mental im- 
pairment or paralysis. These were all 
in infants under I year of age. In one 
of these, a 3-month old infant, spinal 
block was present before treatment was 
begun, necessitating intraventricular 
therapv. There were also 4 cases of 
deafness partial or complete. 

Comment. It is clear from this study 
that the adequate use of penicillin 
intrathccally and intramuscularly was 
highlv effective in the treatment of a 
good majority of the cases of pneu- 
mococcic meningitis. Although it could 
not be stated with certainty that the 
larger intrathecal doses of penicillin 
were necessarily more effective than 
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ihe smaller ones, it was nevertlieless 
our impression that tlie employment of 
these larger doses conb'ibuted ma- 
terially to the recovery of a number 
of patients. Contrary to the general 
belief, tlie larger intraspinal doses of 
the drug have with very few exceptions 
been well tolerated. It has already been 
pointed out tliat tlie prognosis was de- 
cidedly worse in the older age groups. 
On tlie otlier hand tliere was no evi- 
dence of a correlation behveen tlie pri- 
mary focus of infection and the 
outcome. 

Attention has recently been drawn 
to tlie hazards of intradiecal penicillin 
therapy. It has been noted that the anti- 
biotic may lead to the development of 
an arachnoiditis which ma)' cause spinal 
block or the ajipearance of varying 
degrees of motor or sensory disturb- 
ances. In our experience these are rare 
complications and when they occur are 
rarely permanent. However, it is 
extremely important to discontinue the 
intraspinal administration of penicillin 
in tlie presence of subarachnoid block 
or following tlie appearance of symp- 
toms of myelopathy in order to pre- 
vent tlie development of irreversible 
spinal cord changes. 

The intrathecal use of penicillin may 
on occasion cause irritative cerebral 
reactions, particularly convulsions. As a 
rule these irritative symptoms clear up 
rapidly. It should be noted that in the 
2 cases in which subsequent intrathecal 
therapy seemed necessary it was pos- 
sible to use smaller doses of the drug 
without any untoward eflFect, 

Although the introduction of a sec- 
ond meningeal infection during the 
course of intrathecal therapy is of rare 
occurrence, it must nevertheless be kept 
in mind. In order to prevent this com- 
plication it is very important to guard 
against contamination in the process 
of dissolving and administering the 
penicillin. In two of the cases compli- 
cated by a second meningeal infection 


the source of the organism was traced 
to penicillin solutions contaminated by 
syringes used to witlidraw the drug for 
injection. The details of that investiga- 
tion were reported in a recent paper 
by Harris- and her collaborators. 

The rare occurrence of an untoward 
effect or complication following the 
intraspinal use of penicillin should not 
be a deterrent to tlie employment of 
this valuable procedure. 

The treatment of pneumococcic men- 
ingitis without intratliecal penicillin 
was recently advocated by Lowrey and 
Quilligan®. These autliors reported a 
group of 17 cases of the disease ti'eated 
witli intramuscular but witliout intra- 
spinal penicillin, in conjunction with 
sulfadiazine. Fourteen of tliese patients 
recovered. These results are impressive, 
but their series is too small for definite 
conclusions. As mentioned previously, 
an attempt to treat 8 patients in tlie 
current series without intraspinal peni- 
cillin proved successful in only 2 
instances. It would seem unwise at 
present to rely solely on the intra- 
muscular use of the antibiotic. How- 
ever, treatment without intrathecal 
penicillin deserves furtlrer investiga- 
tion. 

In this study it was difficult to evalu- 
ate properly the role of the adjunctive 
use of sulfadiazine. It is of interest to 
note that mastoidectomy seemed neces- 
sary in but a small number of cases. 

With regard to sequelae it has 
already been noted that all patients 
who had serious brain damage were 
infants less than a year of age. In one 
of these infants spinal block was pres- 
ent before tlierapy was instituted. In 
the cases reported by Lowrey and Quil- 
ligan^, diere were 2 instances of brain 
damage, although the patients had not 
received intrathecal tlierapy. It is obvi- 
ous, therefore, that neurologic sequelae 
can be the direct result of the men- 
ingeal infection. To what extent, if 
any, intrathecal penicillin contributes 
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toward tlie devclopincnl of such re- 
sidua is a mailer of speculation. How- 
ever, these sequelae constitute a serious 
jrroblem which requires intensive studv. 

Summary' and Conclusions. 1. In 125 
consecutive cases of pueumococcic 
meningitis, penicillin was administered 
inlTathccally in all but 2 instances. In 
addition, all the patients were treated 
with penicillin intramuscularly and 
most of them received also a sulfona- 
mide, usually .sulfadiazine. 

2. The method of treatment and dos- 
age ha\ e been described. It was found 
that, with few e.sceplions, the Larger 
intrathecal doses of penicillin have 
been well tolerated. 

3, Of tlie 125 patients. 92 rcco\’cred 
and 33 died, representing a recovery 
rate of 735?. The prognosis was decid- 
edly worse in the older age groups. 


4 . An attempt to treat 8 patients with 
intramuscular but without intraspinal 
penicillin, in conjunction with sulfadia- 
zine, proved succc.ssful in only 2 
instances. 

5. In this series there were only a 
few instances in which a complication 
or reaction was attributable to the 
intrathecal administration of penicillin. 
The rare occurrence of such a reaction 
or complication .should not be a deter- 
rent to the administration of penicillin 
intraspinally. 

6. is’curologic sequelae were encoun- 
tered in a small number of cases. The 
instances of serious brain damage were 
all in infants under 1 year of age, 

7. In this series it was difficult to 
evaluate properly the role of the 
adjunctive use of sulfadiazine. 
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The chemical or physical mechan- 
isms by which hormones aEect meta- 
bolic reactions in mammalian tissue 
have so far escaped recognition. For 
example, it is easy to demonstrate 
marked effects of insulin upon tissue 
metabolism, but no one has conclus- 
ively sho\\Ti how these results are 
brought about. It is obvious that herein 
lies a fundamental problem of diabetes, 
whose solution would contribute great- 
ly to our understanding of the disease. 

The most popular current assumption 
is that insulin affects the milieu of 
tissue enzymes which catalyze the 
multiple reactions concerned in the 
metabolism of fat, proteins, and carbo- 
hydrate. Tlie possibility of narrowing 
the search to one or perhaps a few 
enzymes is greatest when the enzyme 
preparation is cell-free. Naturally, 
many experiments have been done with 
such systems, but, to date, few demon- 
strations of insulin effects in cell-free 
systems have been reported and these 
have been difficult to reproduce. 

In sharp contrast to this situation, 
effects of insulin upon the metabolism 
of intact cells are easily demonstrated. 


The systems used may vary from tlie 
intact animal to some isolated surviv- 
ing tissue such as tlie intact perfused 
heart, or the rat diaphragm. As is well 
knoum, the latter, when equilibrated 
aerobically with glucose, utilizes glu- 
cose and synthesizes glycogen more 
abundantly in the presence of insulin. 
Regardless of whether or not intact 
cellular morphology is an obligatory 
requirement for insulin action, the first 
step in the action of insulin in cellular 
systems must be its entrance into, or 
attachment to, some morphological ele- 
ment of the intact cell. We have in- 
vestigated this phase of the action of 
insulin and have demonstrated a direct 
chemical combination of insulin with 
the intact muscle cell by the following 
exploratory experiment; 

A hemidiaphragm from a normal rat 
was equilibrated for 1 minute in a 
phosphate-saline medium containing 
0.1 unit of insulin per ml. The dia- 
phragm was tlien removed and washed 
twice in a large volume of medium. It 
v/as finally equilibrated in medium con- 
taining glucose hut no added insulin. 
At tlie end of 90 minutes die final 
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glycogen content of tlic diapliragm was 
detennincd. The companion liemidia- 
2 )hragni was treated in exactiv the 
same ^vay except for the omission of 
the insulin during the initial 1-minute 
period. Invariably the hemidiaphragm 
whicli liad been cx^rosed to insulin for 
this brief [period synthesized more gly- 
cogen than the control. 

Tlie succe<;si\'c transfers diluted the 
insulin in the original medium to a 
final concentration of 10 ® units per ml., 
much too insignificant to lla^'e any 
effect on the diapliragm. We interpret 
these e.vplorator)' e.vpcrimental results 
to indicate that (a) during the {ire- 
liminar)' 1-minute cxiiosurc insulin 
combines chemicallv with some con- 
stituent of the muscic cell and (b) the 
combined insulin e.xerts its customary 
effect in stimulating glycogen s\'n- 
thesis from glucose. 

These conclusions ha\’c been abund- 
antly supported by innumerable sub- 
sequent e.vperiments which are out- 
lined in this and the accompanvine 
paper. 

Methods. Jlah. Male n)h'wa rnls of tfie 
M'istar strain were used. Unless otherwise 
noted, the rats were sacrificed !))• decapita- 
tion 24 hours after the last feeding. 

Medium. This had the following composi- 
tion; 0.040 M sodium phosphate, 0.0S7 M 
sodium chloride, 0.005 M magnesium chlor- 
ide, pH 6.8. 

Insulin. Unless otherwise stated, this w.is 
Lilly amorphous insulin powder (Lot No. 
MH302). It was dissolved in the medium at 
the desired final concentration. 

Glucose. Unless othenWse stated, this was 
present at a concentration of 0.2% only dur- 
ing the 90 minute assay period. 

Method of Handling Diaphragms. The fol- 
lowing pattern developed quickly and became 
tlie norm of tlie experiments. Modifications 
of tliis norm are noted in detail. Two oper- 
ators performed tlie various operations in 
each experiment. They alternated in positions 
and operations for each rat so as to distribute 
unconscious bias in handling technique. Fol- 
louing decapitation, tlie abdomen of tlie rat 
was opened and tlie abdominal aspect of the 
diaphragm exposed. The ensiform process 
was lifted and a small nick made in the 


diaphr.igni, causing it to balloon out. Tlie 
diaphragm was cut along the thoracic border 
and around the great vessels so that there 
w.is no gross bleeding. Alternately right and 
left heniidiaphrngms were used "as control 
and test tissue respectively. 

Equilibration With Insulin. After removal 
the hemidiaphragms were weighed on a 
lor-sion b.il.incc and kept temporarily on the 
edge of small beakers. The beakers contained 
2 ml, of phosphate-saline medium. Insulin 
was present in one at a given concentration. 
The diaphragms were now simultaneously 
nl.aced in their respective media and agitated 
Iiy rol.ition for a given time. The temperature 
during equilibration with insulin w.as 23 ± 
1” C. unless otherwise noted. 

Washing Period. Following the equilibra- 
tion with insulin the diaphragms were re- 
moved from the beakers with small forceps. 
The accumulated hanging drop of medium 
was removed by touching to filter paper. 
Each diaphragm was placed in 23 ml. of 
medium and agitated for SO seconds. The 
fliaphragms were then removed, the excess 
medium drained as before, and the washing 
procedure repeated once. It vv.as calculated 
that the insulin in the origin.al medium w.as 
diluted approximately J0~ times by this pro- 
cedure. 

Assar/ Period. Each hemidiaphragm was 
then placed in a suitable vessel (usuall.v a 
Warburg vessel) containing 2 ml. of phos- 
phate-saline medium with added glucose. The 
medium in the assaj- period was identical for 
each hemidiaphragm, viz., phosphate-saline 
medium plus 0.2% glucose, unless otherwise 
stated. The vessels were gassed with 100% 
oxygen and placed in a wafer bath at 38° C. 
and shaken for 90 minutes. The hemidia- 
phragms were then removed and anal^’zed 
for glycogen. In some experiments oxygen up- 
take and glucose utilization were determined 
during the assay period. 0\jgcn uptake w.is 
detennincd by the conventional Warburg 
method. In experiments in which glucose 
ufiL’zalion was measured the initial and final 
glucose content of an aliquot of the medium 
was determined after deproteinization with 
ZnSO^ and Ba(OH)o. 

Presentation of the Data. The experiments 
in this and tire accompanjing paper were 
designed to study the influence of various 
factors upon tlie chemical combination of 
insulin witli muscle tissue occurring during 
a brief preliminary' equilibration period. It is 
assumed that an enhanced ability of the test 
hemidiaphragm, compared to the control, to 
sjmtliesize gl)'cogen or utilize glucose during 
a subsequent assay period (no added insulin 
being present) is proof of this combination. 
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For the sake of brevity this effect is termed 
the “insulin effect”; i.c., the final glycogen of 
test hemidiaphragm less that of control hemi- 
diaphragni. Glucose utilization and oxygen 
uptake are expressed as micromoles per gram 
wet weight of diaphragm. Glycogen is ex- 
pressed in all cases as micromoles of glucose 
equivalent per gram wet weight. For the 
sake of completeness, tlie final glycogen con- 
tent of the control hemidiaphragm is recorded 
in Table 1. The final glycogen contents of 
the control hemidiaphragms in the later ex- 
periments were close to those reported in 
Table 1 and have therefore not been included 
in the tables. The glycogen sjTithesized may 
be approximated by subtracting 5 /iM/gm. 
which is tire mean initial glycogen content 
under the conditions of our experiments. The 
mean insulin effects recorded are the means 
of the paired differences of the final glycogen 
contents of the experimental and control 
hemidiaphragms. The standard error of the 
mean is calculated in all cases. To determine 


periods of time. At tliis concentration, 
a small but significant increase in gly- 
cogen syntliesis was obtained after 
equilibration for 10 seconds. The maxi- 
mum insulin effect occurred after 
equilibration for 1 minute. Increasing 
tlie time of equilibration beyond 1 
minute does not cause any increase in 
the insulin effect. These findings dem- 
onstrate tlie extreme rapidity of the 
combination of insulin with tlie dia- 
phragm. 

The mean final glycogen content 
of the conti'ol hemidiaphragm after 90 
minutes’ equilibration is approximately 
15 n/gm. Since die initial glycogen 
content of the fasted rat diaphragm is 
about 5.0 micromoles per gram, the 
control diaphragm synthesized approxi- 


TABLE 1. THE EFFECT OF TIME OF EQUILIBRATION ON THE COMBINATION 
OF INSULIN WITH THE ISOLATED RAT DIAPHRAGM 


Equilibration with insulin: 0.1 unit per ml; time indicated below. Assay period: 90 minutes 
at 38° C. in a phosphate-saline medium containing 0.2% glucose. 


Time of 
Equilibration 
With Insulin 

No, of 
E'xperi- 
incnts 

Mc.an Final 
Glycogen, Control 
Hemidiaphragm, 
ns Micromoles 
Glucose/gm. 

10 seconds 

3 

15.3 ± 0.25 

1 minute 

45 

19.3 ± 0.61 

5 minutes 

6 

15.9 ± 1.00 

1.5 minutes 

3 

16.2 ± 0.27 

30 minutes 

10 

16.3 ± 1.35 


ASSAY PERIOD 


Mean Insulin Effect 
on Glycogen Synthesis, 
as Micromoles 
Glucose/gm. 

t 

P 

-k 2.0 ± 0.41 

4.9 

<0.05 

+ 5.8 ± 0.54 

10.7 

< 0.001 

+ 5.3 ± 1.01 

5.3 

<0.01 

+ 4.5 ± 0.45 

10.0 

<0.01 

+ 5.0 ± 1.45 

3.4 

<0.01 


wlietlier an effect of insulin is significantly 
different from zero, the value of Fisher’s t 
was calculated. The probability (P) corre- 
sponding to this t and to the degrees of 
freedom involved (N-1) is recorded in the 
tables. In general a value of P = < 0.05 is 
regarded as supporting the hypotliesis that 
the insulin effect is significantly different from 
zero; in other words, that insulin has com- 
bined with the muscle during the preliminary 
period. 

Results. Effect of Time of Equilibra- 
tion With Insulin at Constant Insulin 
Concentration. In Table 1 are reported 
experiments in which diaphragms from 
24-hour fasted rats were equilibrated 
in a phosphate-saline medium with 0.1 
unit of insulin per ml. for varying 


matel)' 10 micromoles of glycogen. The 
results with the test hemidiaphragms 
show that preliminary exposure for 1 
minute or longer to insulin at 0.1 
unit/ml. increased glycogen synthesis 
50% over the controls. 

The Effect of Varying the Concen- 
tration of Insulin at a Constant Time 
of Equilibration. When the period of 
equilibration with insulin was kept 
constant at 1 minute, there was an in- 
crease of the subsequent insulin effect 
on glycogen synthesis when tlie insulin 
concentration was increased from 0.01 
unit per ml. to 1 unit per ml. Equili- 
bration with insulin at a concentration 
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of 1 unit per ml. for 1 minute brought 
about an increase in the subsequent 
glycogen s\'nlhesis which was close to 
that obtained in experiments in which 
insulin was present during the entire 
period of equilibration with glueosc. 

lustilin Effect with Different Types 
of lustiUn. The rapid combination of 
insulin with muscle cells occurs with 
a xrade varietx' of insulin preparations. 
The data in Table 3 .shows that Lillv 
amorphous, Lilly protamine-Zn-insulin. 
a special Zn-free insulin (obtained 
through the kindne.ss of Dr. Sahyun of 


Frederick Stearns and Co.), or Danish 
No\o insulin each brought about a 
highly significant insulin effect on gly- 
cogen synthesis in the assay period. 

The Effect of pJI During EiptUibra- 
iion with Insulin. Diaphragms were 
equilil)rated with and without insulin 
at 0.1 unit per ml. for 1 minute in the 
usual pho.sphatc-.saline medium ad- 
justed to dillcrent pll values. The dia- 
phragms were wa.shcd with medium of 
pH 6.S and the final glycogen deter- 
jiiined after 90 minutes’ equilibration 
in medium of pll 6.S containing 0.2‘< 


T.ABLE 2. THE EFFECT OF COXCENTUATION' OX THE COMBIX.ATIOX 
OF INSULIX ^\'ITH THE ISOL.ATED n.\T DI.VPHB.AG.Nf 


Equilibration with insulin: 1 niinuli.' at the concentrations notctl below. Assav period: 90 
minutes at 3S° C. in a phosphate-saline luecliinn containing 0.2" glucose. 


ASS.AY PKIUOD 


Conccntr.ilion 
of Insulin. 

Units per nil. 

Xo. of 
Experiments 

N!ean InMilIn Efft'cl 
on ClycoRen Syntlu‘<i<. 
Microniolo< 
Cluco^c/pn. 

t 

0.01 

7 

+ 0.7 ri: 0.40 

1.8 

0.10 

45 

-h 5.S ± 0.54 

10.7 

0.50 

s 

-f 6.8 2:1.01 

6.5 

1.00 

8 

4- 9.8 ±1.11 

8.8 


r 

>0.1 
< 0.001 
< 0.001 
< 0.001 


TABLE 3. THE COMBIX.ATIOX OF DIFFEBEXT DTES OF IXSULIX 
WTH THE ISOLATED R.AT DIAPHBAC.M 

Equilibration with insulin: 1 minute at tlie concentrations noted below. Ass.ay period: 90 
minutes at 33° C. in a phosphate-saline medium containing 0.2" glucose. 

ASSAY PERIOD 
Mean Insulin EfTect 
on Glycocm SsTitlicsis, 


Type of Insulin 

Units ■'ml. 

No. of 
Excriments 

ns Micromoles 
Glucosc/pm. 

t 

P 

Lilly powdered insulin 

0.1 

46 

5.8 ± 0.54 

10.7 

< 0.001 

Zn-free insulin (Steams’) 

0.1 

6 

+ 4.2 ±0.48 

S.S 

< 0.001 

No\’o insulin 

0.1 

3 

+ 6.5 ± 0.21 

31.0 

<0.01 

Protamine-Zn-insulin 

1.0 

6 

+ 8.5 ± 1.91 

4.5 

<0.01 


TABLE 4. THE EFFECT OF pH ON THE COMBINATION OF INSULIN 
WITH THE ISOLATED RAT DIAPHRAGM 


Equilibration w'ith insulin: 1 minute at 0.1 unit per ml. at s-alucs of pH noted below. Assay 
period: 90 minutes at 38° C. in a phosphate-saline medium containing 0.2? glucose. 


pH During 
Equilibration 
W'ith Insulin 

No. of 
E.vperiments 

Mean Insulin Effect 
on Glycogen SjTitliesis, 
as Micromoles 
Glucose/gm. 

ASSAY PERIOD 

t 

P 

5.7 

6 

4- 7.0 1.11 

6.3 

<0.01 

6.S 

46 

4- 5.8 dt 0.54 

10.7 ' 

< 0.001 

8.3 

9 

+ 4.3 ± 0.93 

4.6 

<0.01 
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glucose. The data of Table 4 sIioav tliat 
Qiere was no significant alteration of 
tlie e.xtent of combination of insulin 
Muth diaphragm over tlie pH range of 
5.7 to 8.4. 

The Effect of Temperature on the 
Combination of Insulin toifh Dia-' 
phragm. In Table 5 are reported exper- 
iments in which the equilibration witli 
insulin was -carried out at different 
temperatures. The temperature of tlie 
assa}' period was not altered. There 
was a definite increase of the insulin 
effect Mnth increasing temperature dur- 
ing the equilibration witli insulin. An 
increase in temperature apparently 
causes more insulin to combine witli 
the diaphragm. 


content after the usual 90-minute aero- 
bic equilibration in medium containing 
0.2% glucose was then determined. In 
3 e.xperiments a mean insulin effect 
of 5.7 ±i 1.12 micromoles per gram per 
90 minutes was found, a value not 
different from aerobic controls. 

Effect of Varying the Composition of 
the Medium. In almost all of the ex- 
periments reported here the equilibra- 
tion of the diaphragm with insulin was 
carried out in tlie standard phosphate- 
saline medium of pH 6.8. In experi- 
ments^ not tabulated, tlie equilibration 
witli insulin (1 minute, 0.1 unit per 
ml. ) was carried Out in media of vary- 
ing composition. The composition of 
the washing solutions and of the 


TABLE 5. THE EFFECT OF TEMPERATURE ON THE COMBINATION OF INSULIN 
MTTH THE ISOLATED RAT DIAPHRAGM 

Equilibration witli insulin; 1 minute at 0.1 unit per ml. at the temperatures noted below. 
.\ssay period: 90 minutes at 38° C. in a phosphate-saline medium containing 0.2% glucose. 


ASSAY PERIOD 


Temperature 
of equilibra- 
tion Witli 
Insulin, 

° C. 

No. of 
Eitperiments 

Moan Insulin Effect 
on Glycosen S>’ntliesis, 
as Micromoles 
Glucosc/gm. 

1 

P 

0 

4 

+ 2.5 ±: 0.74 

3.4 

<0.05 

25 

46 

-f 5.8 ± 0.54 

10.7 

< 0.001 

38 

4 

-t- 6.8 ± 0.33 

20.6 

< 0.001 


The Effect of Anaerohiosis on the 
Combination of Insulin xoith the Dia- 
phragm. In order to determine whether 
die presence of ox)'gen is necessary 
for the combination of insulin with 
diaphragm to take place, experi- 
ments were done in which diaphragms 
were equilibrated with insulin under 
anaerobic conditions. Diaphragms were 
equilibrated in phosphate-saline medi- 
um at 25° C. for 5 minutes in vessels 
gassed with nitrogen. Insulin was tlien 
added to one vessel to give a concen- 
tration of 0.1 unit per ml. The experi- 
mental and control diaphragms were 
then equilibrated anaerobically for an- 
other minute. They were rapidly re- 
moved and washed twice in 25 ml. 
portions of medium. The final glycogen 


medium during the assay period were 
unchanged. Substitution of tlie stand- 
ard phosphate medium with 0.15 M 
NaCl, 0.3 M sorbitol, phosphate-saline 
medium in which 75% of tlie cations 
were potassium, or phosphate-saline 
medium containing 0.2% glucose did 
not result in any significant differences 
in tlie effects of insulin observed. 

Effects of Prolonged Washing Fol- 
lowing the Equilibration xoith Insulin. 
In the standard procedure there were 
2 half-minute washings in 25 ml. of 
phosphate-saline medium. In order to 
study whether insulin combined to the 
diaphragm can be removed by pro- 
longed washing a number of experi- 
ments were carried out in which the 
diaphragms were equilibrated in phos- 
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phate-saline medium for extended 
periods of time subsequent to tlie ex- 
posure to insulin. After equilibration 
witli insulin the diaphragms were 
washed for 1 minute in 25 ml. phos- 
phate-saline medium in order to remove 
insulin adhering superficially to the 
diaphragm. The)' v'ere then trans- 
ferred to another portion of 25 ml. 
of o.vygenated medium and equili- 
brated for 15, 30, or 60 minutes. The 
final glycogen contents of the dia- 
phragms were determined after 90 
minutes’ equilibration in phosphate- 
saline medium containing 0.2S glucose. 
The data (Table 6) show that signifi- 
cant effects of insulin .'were obtained 
even after washing for ' 60 minutes. 
There is apparently a gradual decrease 


sible for the insulin effects observed 
was ruled out as follows; One of the 
hemidiaphragms was made identifiable 
by a small nick in the edge. Both test 
and control hemidiaphragms were 
placed in the same vessel during the 
90-minute assay period following the 
equilibration o( 1 hemidiaphragm with 
insulin (0.5 units per ml. ) for 1 minute. 
In 3 experiments, when the eontrol and 
the pretreated hemidiaphragms were 
compared, a mean insulin effect on 
glycogen sx’uthcsis of -f- 4.7 ±: 0.95 
was obser\ ed. It can be concluded that 
the traces of insulin carried over into 
the assay medium were not sufficient 
to have anv significant effect on the 
glycogen svnthes's of the control dia- 
phragm. The experiment also indicates 


TABLE 6. CO.MBLVATrOX OF IXSULIX WITH ISOLATED BAT DUPIIHAGM. 
EFFECT OF PBOLOXGED WASHIXG OF DIAPHRAGM FOLLOWIXG 
THE EQUILIBR.ATIOX WITH IXSULIX 

Equilibration with insulin; 5 minutes .at 0.5 units per ml. Assay period: 90 minutes at 3S° C. 
in a 25liosplintc-saIinc medium containing 0.2? glucose. 

ASSAY PERIOD 


Time of 
Washinc, 
Minutes 

Xo. of 
E-xperimcnls 

.\Io.tn Insulin Effect 
on Glycogen SjTitliesis. 
ns Micromoles 
Gliicose/gm. 

t 

P 

1 

4 

+ 7.8 ±0.68 

11.5 

<0.01 

15 

5 

+ 11.2 ±0.84 

13.3 

< 0.001 

30 

9 

+ 4.9 ±1.71 

2.9 

<0.05 

60 

8 

2.9 ± 1.20 

2.4 

0.05 


in the insulin effect ndth increasing 
time of washing. A long period of 
washing is necessai)', howex'er, in order 
to abolish the effect of insulin. The de- 
crease in the insulin effect may have 
been due to a gradual loss of bound 
insulin but it may also be a reflection 
of a loss of the ability of the diaphragm 
to synthesize glycogen or respond to 
insulin. 

Equilibration of Control and Test 
Diaphragms in the Same Vessel During 
the Assay Period. The possibility that 
the infinitesimal traces of insulin car- 
ried over in the medium adhering to 
the diaphragm (and, therefore, not 
chemically bound) might be respon- 


that there v'as not enough loss of 
bound insulin from tlie test diaphragm 
to affect the metabolism of the control 
diaphragm. 

The Influence of Combined Insulin 
Upon the Time Course of Glycogen 
Synthesis. A striking indication of tlie 
persistence of the combination of in- 
sulin w-ith the diapliragm is shovm in 
Figure 1. A hemidiaphragm was equili- 
brated witli insulin at 0.1 unit per ml. 
for 1 minute. Following washing, die 
test and control hemidiapliragms were 
equilibrated for vatying periods of 
time in medium containing 0.2^ glu- 
cose and die final glycogen contents 
determined. There is a linear increase 
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of tile insulin effect with time, showing 
that tlie combined insulin exerted its 
effects in an unabated fashion for 60 
minutes. In other words, tliere is no 
indication of a dissociation of the in- 
sulin-tissue complex dm'ing this time. 
Comparison with untreated hemidia- 
phragms during the first 60 minutes 
shows tliat tlie combined insulin has 
doubled the rate of glycogen synthesis. 

The Effect of Varying the Glucose 
Concentration During the Assay Period. 
The equilibration period witli insulin 

INSULIN EFFECT ON 
GLYCOGEN SYNTHESIS. 

AS MICROMOLES GLUCOSE 
PER GRAM 


the higher insulin concentration ( upper 
curve) more insulin is bound and the 
glucose concentration becomes the 
limiting factor so tliat an increase in 
glucose concentration results in a 
marked increase in the insulin effect. 
At the higher glucose concentration 
die glycogen synthesized in tlie in- 
sulinized hemidiaphragm is double 
that of the control. 

The Effect of Bound Insulin on Oxy- 
gen Uptake, Glucose Uptake and 
Glycogen Synthesis. In several experi- 



TIME OF EQUILIBRATION IN MINUTES. 

Fig. 1. The influence of combined insulin on the time-course of glycogen synthesis 
BY NORMAL RAT DIAPHRAGMS. One iiiinute equilibration witli insulin at a concentration of 1 
unit per ml. followed by 2 washings ,in 25 ml. phosphate-saline medium. Final glycogen 
determined after equilibration for various times in medium containing 0.2% glucose. Each 
point in the above figure represents tlie mean of the insulin effect in 4 separate experiments. 


was 1 minute and the insulin concen- 
tration 0.1 and 1 unit per ml. respect- 
ively. The glucose concentration varied 
from 0.2 to 1.0% during the assay 
period. The experimental results re- 
ported in Figure 2 show that (a) 
When the insulin concentration was 
0.1 unit per ml. (lower curve) there 
was no significant increase in the in- 
sulin effect when the glucose concen- 
tration was increased from 0.2 to 1.0%. 
Apparently the amount of insulin 
bound becomes the limiting factor in 
increasing glycogen synthesis, (b) At 


ments the analytical measurements 
were not confined to the determination 
of glycogen but oxygen uptake and die 
disappearance of glucose from the 
medium were also measured during the 
assay period. In none of these experi- 
ments was a significant effect of insulin 
on oxygen uptake observed. The effect 
on glycogen synthesis, however, was 
reflected in a concomitant increase in 
glucose uptake. This is seen in the 
results presented in Table 7. There is 
approximately a 100% increase in bodi 
glucose uptake and glycogen synthesis. 
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It is observed tliat only about half of 
the glucose utilized is accounted for 
as glycogen synthesized in the dia- 
phragm exposed to insulin and in the 
control. 

Discussion. It has been demonstrated 
tliat the isolated rat hemidiaphragm, 
after a short preliminary equilibration 
in a solution containing insulin, e.x- 
hibits an increased glucose uptake and 
glycogen s)mt]iesis compared to con- 
trols. This observation is interpreted to 
mean tliat a chemical combination of 
insulin witli structural units of muscle 

INSULtN EFFECT ON 
GLYCOGEN SYNTHESIS. 

AS MICROMOLES GLUCOSE 
PER GRAM 


insulin, the concentration, and on the 
temperature during equilibration. 

A simple diffusion of insulin into 
the diaphragm appears to be ruled out 
b}' the demonstration of tlie e.xtreme 
rapidity of the reaction and by its 
irreversibilit)', manifested by the pres- 
ervation of an insulin effect after 
prolonged washing, and by the sus- 
tained action of insulin during the 
equilibration with glucose. 

The speed of the uptake of insulin 
by the diaphragm is remarkable. Sig- 
nificant effects were obtained after only 



Fig. 2. The effect of co.mdined insulin upon the sttsThesis of glycogen at varying 
CONCENTRATIONS OF GLUCOSE. Onc minute equilibration witli insulin at a concentration of 0.1 
or 1 unit per ml. followed by 2 washings in 25 ml. medium. Final glycogen determined after 
90 minutes equilibration in mediimi containing different concentrations of glucose. Each point 
in the above figme represents tlie mean of tlie insulin effect in 6 or more separate e.\-periments. 


cells of tlie diaphragm takes place 
rapidly; that tliis combination is not 
easily reversed; and that the combined 
insulin exerts its customar)'’ metabolic 
effects during tlie subsequent period 
of equilibration with glucose. 

The concept tliat a chemical reaction 
between insulin and some muscle con- 
stituent takes place is supported by 
the observations that tlie effects of 
insulin are dependent upon the time 
of contact of the diaphragm until 


10 seconds equilibration and tlie max- 
imum insulin effect was obtained after 
about 1 minute. By tliese findings an 
effect of insulin has, for tlie first time, 
been sharply localized in time. 

It is tempting to speculate on tlie 
problem of the locus of tlie attach- 
ment of insulin to the diapluragm. The 
most attractive h}’pothesis seems to be 
tliat it combines with the outer sur- 
face of tlie muscle cells. The question 
then arises of whether the insulin 
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exerts its action in metabolism after 
being further transported into the 
interior of the cell, or whether the site 
of attachment on the surface of the 
cell is also the site at which it exerts 
its metabolic effects. Such effects could 
be brought about by an alteration of 
the permeability of the cell wall to 
certain metabolites or by a regulation 
of enzymatic reactions talcing place 
at the cell surface. However, these are 
questions that cannot be answered at 
present. 

Only the crudest estimation of the 
amount of insulin bound can be made. 
If the site of attachment is the cell 
surface, the insulin must first traverse 
the covering thoracic or abdominal 
mesothelium and the sarcolemma. The 
rate of diflFusion tlirough these layers 
during the short exposure to insulin 
Mmuld tlien limit the amount which 
could be chemically bound. Assuming 
that the muscle substance oflFers no 
more impediment than water to the 
diffusion of insulin it is possible to 
calculate the amount which could 
diffuse into the diaphragm during the 
time of equilibration. A definite insulin 
effect was obtained in 1 minute when 
the concentration was 0.1 unit per 
ml. Under these conditions it can be 
calculated that the amount which 
diffuses into the diaphragm is approx- 
imately 0.0001 unit per gram of 
muscle. Tliis estimation, although 
crude, and based on the assumption 
that insulin must diffuse into the dia- 
nhragm for a considerable distance 
before it can combine chemically with 
a muscle constituent, indicates that 
the amount undergoing chemical com- 
bination with the diaphragm is ex- 
tremely small. This estimate is, of 
course, a maximum, and the real value 
may be much less. It is possible to 
infer, however, that remarkably small 
amounts of insulin rapidly combining 
with tissue structures may produce 
profound changes in metabolism. 
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Whatex'er tlie .amount of insulin 
in\'oIved, we ha%'e concluded from the 
findings reported here that the first 
step in tlie action of insulin on muscle 
tissue is a rapid chemical combination 
wtli a muscle constituent. The precise 
meaning of tliis binding of insulin by 
muscle tissue in the problems of car- 
boh^'drate met.abolism and diabetes 
cannot be discussed without much 
more e.xperimentation. In the accom- 
panying paper evidence will be given 
which shows tliat the phenomenon 
m.ay be controlled by endocrine 
factors. 

Summary'. 1. Rat hemidiaphragms in 
contact with insulin for 1 minute or 
less show an increased rate of gl)'cogen 
synthesis and glucose uptake compared 
to controls when equilibrated for 90 
minutes without insulin. This has been 
interpreted as evidence for a chemical 
combination of insulin wtli rat dia- 
pliragm. 


2. The combination of insulin with 
the dmphragm occurred within 10 
seconds and reached a maximum at 1 
minute. Increasing tire concentration 
from 0.1 to 1.0 unit per ml. resulted 
in a pronounced increase of the insulin 
effect. 

3. Raising the temper.ature from 0° 
C. to 3S° C. during the 1 minute equil- 
ibration period resulted in an increased 
combination of insulin wth the dia- 
phragm. Changing the pH during this 
period had no effect. 

4. Amorphous, zinc-free, No \’0 in- 
sulin, and protamine insulin proved 
equally capable of combining wth the 
rat diaphragm. 

5. It is concluded that the first step 
in tlie action of insulin on the metabo- 
lism of intact tissue is a rapid and firm 
attachment of the insulin molecule to 
the cell. 


We wish to e.vprcss our appreciation to Phyllis Staplcy Tiiddenham, Marj’-Ellen Miller, 
and William J. King for their e.vpert technical assistance. 
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In tlie preceding paper^ it was 
shown that insulin combines chemically 
witli muscle tissue ( diaplnagm ) of the 
rat witli remarkable fachitjL The tissue- 
insulin combination resists die dis- 
sociating action of prolonged washing 
in die insulin-free medium, and die 
combined insulin, presumably present 
in minute amounts, increases the ability 
of die tissue to utilize glucose and 
syndiesize glycogen. Since no extra 
insulin is present during the assay 
period these metabolic effects are pre- 
sumably due to some physical or chemi- 
cal action of the combined insulin. 

The discovery of diis phenomenon 
raises many questions, foremost among 
them being whedier the combination 
of insulin with tissue is a prerequisite 
for its physiological action and whether 
the combination of insulin with the 
tissue is influenced by hormonal fac- 
tors. In the first paper we have studied 
the influence of a variety of factors on 
the reaction; in this paper we report 
the effects of the antecedent removal 
of endocrine glands, and of the ad- 
ministration of various hormone prep- 
arations under different experimental 
conditions. 

The experimental methods and the 
presentation of the data are identical 


widi diose previously reported^ and 
need not be repeated here. 

The extent of die combination of 
insulin with die diaphragm is meas- 
ured by the increase in glycogen syn- 
thesis over the control in the final 
equilibration widiout insulin in a phos- 
phate-saline medium containing glu- 
cose, A decrease in the insulin effect 
on glycogen synthesis has been inter- 
preted as evidence for a decrease of 
the extent of combination with the 
diaphragm. 

The Combination of Insulin with 
Isolated Diaphragm from Alloxan-Dia- 
betic, Adrenalectomized, and Hypo- 
physedomized Rats. The metabolic 
state induced by injection of alloxan 
in the rat diminishes the ability of the 
diaphragm to combine with insulin. 
This is shown (Table 1) by a sharp 
diminution of the insulin effect meas- 
ured in die assay period. The degree 
of refractoriness to insulin appears to 
be correlated with the severity of the 
diabetes as indicated roughly by the 
level of blood sugar at the time of 
sacrifice. Somewhat surprisingly, adren- 
alectomy and hypophysectomy had no 
effect on the combination of insulin 
with the diaphragm (Table 1). 

The Combination of Insulin with 
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Isolated Diaphragm from Rats Injected 
with Pituitary and Adrenal Cortical 
Extracts. A 1:1 extract of wliole beef 
anterior pituitary gland was prepared 
by grinding the glands witli sand and 
extracting with cold 0.15 M sodium 


tracts reported above indicate tliat one 
or more pituitary factors are capable 
of influencing the ability of the dia- 
phragm to combine with insulin. A 
number of e.vperiments were carried 
out with more or less purified anterior 


TABLE 1. EFFECT OF ENDOCRINE ABNORMALITIES IN THE EXPERIMENTAL 
ANIMALS ON THE SUBSEQUENT COMBINATION OF INSULIN 
WITH THE RAT DIAPHRAGM 

Equilibration with insulin: 0.1 unit per ml. for 1 minute. Assay period: 90 minutes at 38° C. 
in a piiospliafc-saline medium containing 0.2J glucose. 

ASSAY PERIOD 




Mean Insulin Eflecl 
on Glycogen S>’nthesis. 



Experimental 

No. of 

ns Micromoles 



Animals 

Experiments 

Glucose/gm. 

I 

P 

Normal 

45 

-f 5.S ± 0.5-1 

10.7 

< 0.001 

Mild diabetic* 

10 

-b 2.9 ± 1.22 

2.4 

0.05 

Severe diabetic* 

7 

- 0.1 ± 1.28 



Adrenalectomized 1 

5 

-f 4.9 ± 1.54 

3.2 

<0.03 

H)'pophysectomized § 

8 

+ 6.1 ± 1.48 

4.1 

<0.01 


• Rats made diabetic by intraporitoneal injection of 160 mg./kilo of alloxan monobydrate. 
The group designated as mildly diabetic consisted of rats ha^’ing blood sugar values less than 
500 mg. % at the time of sacrifice. The rats in the severely diabetic group had blood sugar 
values greater tlian 500 mg. %. 

f Adrenalectomized 6 daj's before use and maintained on 1% NaCl. 

§ H}poph)’sectomized an average of 1 week before use. 


cliloride solution. The suspension was 
centrifuged at 8000 RPM for 5 minutes 
and tlie supernatant used. Tliree ml. 
was injected intraperitoneally and the 
rat diaphragm removed after 20 hours. 
It was found that exposure to insulin 
at a concentration of 0.1 unit per ml. 
for 1 minute did not result in a signifi- 
cant insulin eflFect on glycogen syn- 
thesis in the assay period (Table 2). 
This indicates that the injection of an- 
terior pituitary extract has impaired 
tire ability of the diapliragm to com- 
bine with insulin. 

Injection of 1 to 4 ml. of adrenal 
cortex extract (Upjohn) 2 hours prior 
to the removal of tire diaphragm had 
no effect on tire combination with in- 
sulin. 

The Combination of Insulin with 
Isolated Diaphragm from Rats Injected 
with Purified Pituitary Fractions. The 
experiments with crude pituitar}' ex- 


pituitary fractions. It was found that 
tire active principle followed tire 
growth hormone in fractionation pro- 
cedures and that crj'stalline growth 
hormone was actir'e in small doses. 

In preliminary e.\periments beef an- 
terior pituitary glands were fraction- 
ated according to tire method of 
Wilhehni, Fishman and RusselP. A 
fraction corresponding to fraction A 
B -{- C of these autlrors was obtained 
by precipitating the alkaline extract of 
anterior pituitary glands with 24% 
etlranol at pH 6.8. This fraction con- 
tains most of the growth hormone of 
the original alkaline extract. No effect 
of insulin was observed in experi- 
ments with diaphragms from rats in- 
jected 20 hours earlier rvith 35 mg. of 
tlris preparation. The activity of the 
preparation was destroyed by heating 
for 10 minutes at 70° C. The heat 
lability of the active factor corresponds 
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to tliat of tlie groMiJi homione which 
is stated to be inactivated by heating 
to 70 to 80° C~. 

Furtlier experiments with purified 
anterior pituitar)^ fractions are recorded 
in Table 2. The insulin effect on gly- 


rats is capable of inhibiting tire com- 
bination of insulin witli the diaphragm. 

Among tlie active preparations was 
a crystalline growth hormone prepared 
by Armour and Co. (Lot 22KR2) stated 
to be the purest preparation so far 


TABLE 2. EFFECT OF INJECTION OF ANTERIOR PITUITARY PREPARATIONS 
ON THE SUBSEQUENT COMBINATION OF INSULIN WITH 
THE ISOLATED RAT DIAPHRAGM® 


Equilibration witlr insulin: 0.1 unit per ml. for 1 minute. Assay period: 90 minutes at 38° C. 
in a phosphate-saline medium containing 0.2% glucose. 

ASSAY PERIOD 






Time 

Mean Insulin Effect 



Preparation No. of 



After 

on Glycogen Synthesis, 



injected Experiments 

Dosage 

In’cction. 

as Micromoles 







Hours 

Glucose/gm. 

i 

P 

Normal controls 

45 




+ 5.8 ± 0.54 

10.7 

< 0.001 

1:1 NaCl e.xtract of 








beef anterior 








pituitar)' gland 

12 

3 

ml. 

20 

+ 1.5 ± 0.78 

1.9 

>0.05 

Adrenal corte.v 








e.\’tract (Upjohn) 

7 

1 to 4 ml. 

2 

-f 3.8 ± 1.15 

3.3 

<0.02 

Fraction D*® 

6 

1.3 

mg. 

20 

+ 9.5 ± 1.50 

6.3 

<0.01 

Fraction E** 

6 

5.0 

mg. 

20 

4-7.1 ± 1.17 

6.1 

<0.01 

Fraction 380-4® ® 

5 

5.0 

mg. 

3 

+ 8.0 ± 1.77 

4.5 

<0.02 

Growth hormone t 

6 

1.0 

mg. 

2 

-f 3.1 ± 1.37 

2.3 

>0.05 

Growth hormonef 

6 

1.0 

mg. 

20 

- 0.2 ± 1.35 



Crystalline growth 








hormone? 

6 

1.0 

mg. 

3 

+ 2.8 ± 1.45 

2.0 

>0.1 

Crystalline growdi 








hormonef 

6 

0.25 

mg. 

20 

+ 4.8 ± 1.95 

2.5 

0.05 

Crj'stalline growth 








hormonef 

12 

0.50 

mg. 

20 

- 0.1 ± 2.04 




® The purified pituitary fractions were kindly supplied by Dr. A. E. Wilhelmi. 

These fractions had little or no growth hormone activity. Fraction D was obtained from 
the 24 % ethanol fraction at pH 4.6. Fraction E was obtained from the 40% etlianol fraction 
at pH 4.6. Fraction 380-4 was tlie precipitate obtained from 0.1 M KCl at pH 5 in the 
course of crystallization of the growtli hormone, 
f Lot WP-1, Armour and Co. 

§ A crystalline preparation (B-380) stated to be appro,\imately 85% pure, 
t Crystalline growth hormone. Lot 22KR2, Armour and Co. This preparation is stated 
to be the best of the Armour preparations so far obtained. 


cogen synthesis in the assay period was 
not significantly different from zero 
after prior injection of highly purified 
preparations of growth hormone. How- 
ever, the injection of 3 different pitui- 
tary preparations stated to contain 
little or no growth hormone did not 
cause any diminution of the insulin 
effect. The experiments indicate that 
growth hormone itself or a factor close- 
ly associated chemically with the 
growth hormone when injected into 


obtained by them. Of this substance, 
0.5 mg. injected 20 hours previously 
completely prevented die combination 
of insulin and diaphragm under the 
conditions of our experiments. Appar- 
ently 0.25 mg. was below die minimum 
active dose. 

The mean insulin effect on glycogen 
synthesis in die 36 experiments in 
which highly purified growth hor- 
mone preparations were injected was 
+ 1.8 ±: 0.83 (t = 2.2, P = 0.03). 
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This value is significantly different 
from zero but highly significantly 
lower tlian the insulin effect obtained 
witli diaphragms from normal rats. 

In Vitro Effects of Pituitary Prepara- 
tions on the Combination of htsulin 
with the Rat Diaphragm. An inter- 
relation between pituitarj' factors and 
insulin was also demonstrated by e.\- 
periments in vitro. Two tj'pes of e.v- 
periments were done; (a) E.xperiments 
in which rat diaphragms were equili- 
brated with insulin in the presence of 
pituitar)' preparations, (b) Experiments 
in which rat diaphragms were equili- 
brated in a preliminary period with 
pituitary preparations, washed, and 
subsequentiy exposed to insulin. With 
both tj'pes of experiments controls 
were carried out with different tissue 
e.xtracts and protein solutions. 

In Table 3 are reported the results 
of e-xperiments in which diaphragms 
were equilibrated in solutions of vari- 


minutes equilibration at 38° C. in 
medium containing 0.2* glucose. 

The crude pituitary extracts were 
prepared by grinding anterior beef 
pituitar)' glands in phosphate-saline 
medium of pH 6.8. The supernatant 
obtained after centrifugation at 8000 
KPM for 5 minutes was utilized. 

No effect of insulin was obser\'ed in 
experiments in which diaphragms were 
equilibrated witli insulin in the pres- 
ence of 1/3 or 1/10 crude pituitar)' 
extracts. When a more dilute e.xtract 
was used the insulin effect obsen'ed 
was positiv'e, but significantly lower 
than that obtained in tlie absence of 
pituitar)' extract in tlie medium. The 
active principle involved is heat labile 
since pituitar)' e.xtracts heated to 70° C. 
for 10 minutes had no effect on tlie 
combination of insulin witli die rat 
diaphragm. That the in vitro effect ob- 
served with pituitar)' e.xtract has a 
certain specificit)' is indicated by the 


TABLE 3. THE COMBINATION OF INSULIN WITH NORMAL RAT DIAPHRAGM 
IN THE PRESENCE OF VARIOUS SUBSTANCES. 

Equilibration wth insulin in the presence of the substances indicated: 1 minute at 0.1 unit 
per ml. Insulin was added to the solutions just before immersion of the diaphragm. Assay 
period: 90 minutes in a pliosphate-saline medium containing 0.2* glucose. 

ASSAY PERIOD 




Mean Insulin Effect 
on Glycogen Syaillicsis, 





as Micromoles 



Experiment No. of Rats 

Glucose/gm. 

t 

P 

Normal controls 

45 

4- 5.8 ± 0.54 

10.7 

< 0.001 

1:3 pituitary e.\tract 

6 

0.8 ± 1.42 



1:10 pituitar)' e.xtract 

9 

+ 0.5 ± 0.51 

3.0 

<0.05 

1:25 pituitary e.\tract 

1:10 pituitary extract heated 

6 

-F 2.4 ± 0.79 

+ 5.0 ± 2.10 

2.4 

>0.05 

to 70” C. for 10 minutes 

5 

1 :5 rat muscle extract 

6 

+ 3.3 ± 0.72 

4.6 

<0.01 

1 : 10 rat brain extract 

6 

4- 3.9 ± 0.50 

7.8 

< 0.001 

1:10 rat liver extract 

2.5% Cohn Fraction V, 

4 

4- 0.1 ± 0.59 



mainly serum albumin 

4 

4- 0.8 ± 1.07 




ous substances with and without added demonstration that a normal insulin 
insulin (0.1 unit per ml.). After 1 effect was obtained when diaphragms 
minute equilibration the diapliragras were equilibrated in the presence of 
were washed in the standard way and concentrated extracts of rat brain or 
the final glycogen determined after 90 muscle. However, a diminution of the 
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insulin effect similar to that observed 
Nvith crude pituitar)’^ extract was ob- 
tained Muth 1/10 rat liver extract or 
witli a 2.5% solution of human serum 
albumin (human plasma fraction V 
obtained from Dr. E. J. Cohn). It 
appears that certain substances in vitro 
are capable of preventing tlie combina- 
tion of insulin with the rat diaphragm 
while otliers are inactive in this re- 
spect. Two modes of action of such 
substances appear possible: (a) The 
substances combine with insulin and 
tliereby pre\'ent its combination witli 
the diaphragm, (b) The substances 
combine in some way witli the dia- 


When pre-equilibrated with the dia- 
phragm, no other substance tested was 
capable of preventing the subsequent 
combination of insulin. Serum albumin 
or rat liver extract which prevented 
the combination in the presence of 
insulin were inactive in pre-equilibra- 
tion experiments. 

Preliminary experiments with par- 
tially purified anterior pituitary frac- 
tions have not enabled us to identify 
further the factor in crude pituitary 
extracts which is active in vitro. 

We have not succeeded in demon- 
strating an effect in vitro of highly 
purified growth hormone preparations. 


TABLE 4. THE EFFECT OF PRE-TREATMENT OF THE DIAPHRAGM FROM 
NORMAL RATS ON THE SUBSEQUENT COMBINATION WITH INSULIN 

Diaphragms pre-equilibrated witli the substances indicated and washed once before e.xposure 
to insulin. Equilibration with insulin: I minute at 0.1 unit per ml. Assay period: 90 minutes 
at 38° C. in a phosphate-saline medium containing 0.2% glucose. 



No. of 

Time of Pre- 
equilibration, 

Experiment 

Rats 

Minutes 

Normal controls 

45 


1 ;10 pituitarj' extract 

6 

1 

1 :10 pituitary extract 

14 

5 

l.TO pituitary extract aged 
for 1 hour at 38° C. 

6 

5 

2.5% Cohn Fraction V, 
mainly serum albumin 

7 

5 

1:10 rat liver extract 

ll' 

5 


ASSAY PERIOD 


Mean Insulin Effect 
on Glycogen Sjmthesis, 
as Micromoles 
Glucose/gm. 

t 

P 

-f 5.8 ± 0.54 

10.7 

< 0.001 

+ 2.9 ± 0.49 

5.9 

<0.01 

-f 1.0 ± 0.58 

1.7 

0.10 

-f 1.4 ± 0.69 

2.0 

0.10 

-t- 3.9 ± 1.18 

3.3 

<0.02 

+ 3.8 ± 1.06 

3.6 

<0.01 


phragm and prevent tlie subsequent 
combination of insulin. 

Tliat the latter mechanism may be 
the one that is operative in the case 
of pituitary extract is supported by the 
finding that the insulin effect on gly- 
cogen synthesis after 5 minutes pre- 
liminary equilibration in a 1:10 pitui- 
tary extract is not significantly different 
from zero. Pre-equilibration in 1:10 
crude pituitary extract for 1 minute 
significantly lowered the insulin effect 
(Table 4). 

Tlie active principle in tlie cmde 
pituitaiy extract is not destroyed by 
heating for 1 hour at 38° C. 


For example, the equilibration of rat 
diaphragm for 5 minutes in a solution 
containing 0.5 mg. crystalline growth 
hormone (22KR2) per ml. had no ef- 
fect on the subsequent response of the 
diaphragm to insulin. These observa- 
tions indicate that the factor in crude 
pituitary extract active in vitro may 
not be the growtli hormone. 

Discussion. The experiments re- 
ported here indicate that the rapid and 
stable combination of insulin with rat 
diaphragm can be influenced by pitui- 
tary factors. Tliis has been demon- 
strated in vivo and in vitro. 

Following short exposures to insulin, 
the isolated diaphragms from rats in- 
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jected with anterior pituitary prepara- 
tions responded metabolically to a 
lesser extent tlian did normal dia- 
pliragms. We have interpreted this 
finding as evidence for an interference 
by anterior pituitarj'^ factors with tlie 
initial combination of insulin with the 
diaphragm. However, our e.\periments 
do not exclude tlie possibility tliat the 
physiological action of combined in- 
sulin may be antagonized by pituitary 
hormones in the diaphragm or that 
pituitary factors may ha\'e an inde- 
pendent action on carbohydrate metab- 
olism of tlie diaphragm. 

The injection of anterior pituitarj' 
fractions high in gro%vtli hormone ac- 
tivity and of crystalline growl:!! hor- 
mone preparations rendered the dia- 
phragm refractor)' to insulin under the 
conditions of our experiments indicat- 
ing tliat tlie attachment of insulin to 
the diaphragm was impaired. It seems 
certain tliat the active principle in- 
volved is tlie growtii hormone itself or 
a factor closely related to it chemically. 

In vitro pre-equilibration wnth crude 
anterior pituitarj' extract also impaired 
the ability of normal rat diaphragm to 
combine with insulin. This indicates 
that some pituitary' factor is capable of 
combining ^vith the rat diaphragm in 
a manner similar to insulin. In con- 
trast to the in vivo experiments, growth 
hormone preparations were inactive. 

Diaphragms from aIIo,\'an-diabetic 
rats showed a diminished response to 
insulin which could be correlated Avith 
the severity of the diabetes. One de- 
fect in diabetic muscle may therefore 
be an impaired ability to combine w'ith 
insulin, perhaps due to the presence 
of an excess of pituitary hormones. 
Diaphragms from adrenalectomized 


and hypophysectomized rats combined 
with insulin in a normal manner. 

The general problem of the mech- 
anism of action of hormones on cellular 
metabolism remains obscure. Our e.x- 
periments suggest that a combination 
W'ith tissue constituents may be pre- 
requisite for hormonal action. What- 
ever the mechanism of action of pitui- 
taty hormones, the well known physio- 
logical antagonism between insulin 
and pituitary hormones has been dem- 
onstrated in isolated muscle tissue and 
w'ithin sharply defined time limits. 

Summary. The chemical combina- 
tion of insulin has been studied in the 
isolated diaphragm from rats with en- 
docrine abnormalities, or injected with 
various hormonal preparations. The in 
vitro effect of anterior pituitary hor- 
mones on the combination of insulin 
W'ith the diaphragm has also been 
studied. The follow'ing observations 
were made: 

1. Diaphragms from alloxan-diabetic 
rats manifested an impaired ability to 
combine with insulin. Diaphragms 
from adrenalectomized and hypophy- 
sectomized rats did not differ from 
normal in this respect. 

2. Crude anterior pituitary' extract 
or purified growih hormone prepara- 
tions when injected into die normal 
rat rendered the diaphragm refractoiy 
to combination witli insulin. It has 
been concluded that the active prin- 
ciple is tlie grow'th hormone or a fac- 
tor chemically closely related to the 
groAvth hormone. 

3. Crude pituitary extracts in vitro 
impaired the ability of the normal rat 
diaphragm to combine \vith insulin. 
Purified growth hormone preparations 
w'ere inactive in vitro. 


We wish to e.vpress our appreciation to Phyllis Stapley Tuddenham, Marj'-Ellen Miller, 
and William J. King for their expert technical assistance. 
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Most studies of venous pressure have 
been made with die patient in a 
supine position, but a few investigators 
have determined venous tension witli 
the subjects in a sitting posture. Early 
workers^*®’’’ reported an increase in 
venous tension witli the assumption of 
tlie sitting position. Lyons, Kennedy, 
and Burwell® found tlie venous pres- 
sure to be slightly liigher in 90° than 
in 45° sitting positions in a group of 
50 normal subjects, but tliey reported 
no apparent relation between the level 
of venous pressure and the postural 
angle in a given individual. Although 
the level to which venous pressure was 
referred was usually stated, little 
attention was given to it in considering 
changes in venous pressure with body 
position. 

Recently Winsor and Burch’^®'^^, 
using an auricular reference level 
which they called the “phlebostatic 
axis”, found no significant difference 
between venous pressure measurements 
made in supine and various sitting 
positions in normal subjects. The phle- 
bostatic axis was defined as the line 
of intersection of a frontal plane pass- 
ing half the distance from the base of 
the xiphoid of the sternum and the 
dorsum of the body with a cross- 
sectional plane passing through the 4th 
intercostal space adjacent to the 
sternum. 

The clinical usefulness of venous 


pressure measurements would be great- 
ly enhanced in some cases if determi- 
nations could be. made with the patient 
in a sitting posture. This is particu- 
larly true for patients who are ordio- 
pneic and unable to relax in a supine 
position. Thus, tlie demonstration that 
cardiac patients as well as normal sub- 
jects show no significant variation in 
venous tension in different body 
positions would be of practical impor- 
tance. 

In preliminary experiments it was 
found that even when tlie phlebo- 
static axis of Winsor and Burch was 
used as a reference level with sub- 
jects in a sitting posture, normal indi- 
viduals showed high venous pressures. 
Consequently, the present study was 
undertaken to investigate the effect of 
changes in posture on venous pressure 
measurements. Since Burch and associ- 
ates“’^’^®’i^ used a water or an aneroid 
manometer ivith an air-filled system for 
the measurement of venous pressure, 
a comparison was made between such 
a manometric system and the mano- 
meter of Moritz and von Tabora® 
which was used in this study. The 
present report also includes data on 
measurements of right auricular pres- 
sure in supine and in 45° sitting 
postures with use of the technique of 
cardiac catheterization. 

Experimental Procedm-es. Subjects for study 
were selected from the Infirmary (Old Peo- 
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pie’s Home) and the wards of the Baltimore 
City Hospitals. 

1. Comparison of Manometers. Venous pres- 
sure was measured with the phlebomano- 
meter of Burch and Sodeman- and the m.mo- 
meter of Moritz and van Tabora'-* in 31 
subjects. These include (n) live norma) 
indisiduals, (b) 20 patients with various 
diseases including compensated heart disease, 
and (c) 6 cases wtli congestive heart failure. 

Each subject rested from 10 to 15 minutes 
before venous pressure measurements were 
made. Nov'ocaine (1%) was injected as a local 
anesthetic before insertion of the needle into 
the vein, ^^enous pressure was measured first 
witli the phlebomanonietcr of Burch and 
Sodeman. 

M^itliout remowng the needle from tlie 
vein, tile adaptor of the phlebomanometcr 
was disconnected and tlie saline manometer 
attached to tlie needle. Venous pressure was 
measured by aUoiiang saline to run into the 
vein until equilibrium was reached. The zero 
point on the manometer was set at the veni- 
puncture level. Determinations were made 
until 3 readings varied less than 1 cm. of 
sah'ne; the average of these three readings 
was recorded. 

The hydrostatic pressure from tlie right 
auricular reference level to the venipuncture 
site was determined by means of a spirit level 
and a metal tape. 'The reference level of 
Lyons, Kennedy, and Burwell® of 10 cm. 
from the surface of the examination table was 
used. The uncorrected manometer reading 
minus the hydrostatic pressure )ielded the 
corrected venous pressure. 

2. General Proeedure for the Study of the 
Effect of Postural Changes on Venous Pres- 
sure. The Moritz and von Tabora manometer 
with a saline-filled system was used®. This 
instrument was chosen because of the dif- 
ficulty encoimtered from clotting in repeat 
measurements ivith the phlebomanometcr of 
Burch and Sodeman. The subjects were al- 
lowed to rest for 15 minutes before the initial 
measurements. The zero point on the mano- 
meter was set on a level with the phlebo- 
static axis of Winsor and Burch, or the 
hydrostatic pressure was measured and venous 
pressure corrected accordingly. The veni- 
punctme site was on the level ivith the refer- 
ence point for the heart or below tins level. 
The arm was abducted to an angle between 
45° and 60° and supported to prevent devel- 
opment of muscle tension. Special attention 
was given to the comfort of the patient in 
order to minimize the influence of muscle 
tension. Unless otherwise stated, 5 to 10 
minutes were allowed after a change in body 
posture before venous pressure readings were 


taken. Measurements were made over a period 
of 5 to 10 minutes, and the average of at 
least 3 readings was recorded. 

3. Reliability of Repeated Observations. 
Supine \’alucs of venous tension were com- 
pared before and after tilting the patient to 
a 4.5° position. The \’enous pressure measure- 
ments luscd in the reliability analysis were 
obt.iincd from data from the study of the 
effect of tilting (Part 5). 

4. Effect of Posture on Venous Pressure. 

A. Comparison of Venous Pressure in Supine 
with Sitting Positions. The subjects were 
allowed to rest for 15 minutes in a 45° sitting 
position before venous pressure was measured. 
Measurements were then made in the initial 
45° sitting position, a supine position, and 
again in a 45° sitting and a supine posture. 
The 10 indiriduals studied included botli 
normal subjects and patients with chronic 
disease. This c.xperiment was performed with 
tlie subject in a bed. 

B. Serial Measurements of Venous Pressure 
with Changes in Body Position. \^enous ten- 
sion was determined at 1 to 3 minute interx'als 
in (a) a supine position, (b) after assuming a 
45° sitting position, and (c) after resuming 
the supine posture in 10 normal subjects. 

In this e.xperiment, and all subsequent ones 
except in sections 6 and 8, venous pressure 
measurements were made with the subject on 
a tilt table. The tilt table was so constructed 
that tlie head end could be raised to a 30°, 
45°, 60°, or 90° angle (bending the patient 
at the liips), or the entire table could be 
tilted from the horizontal position to the 
same angles. 

C. Venous Pressure in the Supine Position 
and in the 45° Sitting Position Before and 
After Resting 30 Minutes. Venous pressure 
measurements were repeated on a subsequent 
day on 8 of the 10 subjects on whom tlie 
serial measurements were made. After supine 
readings were obtained, venous pressure was 
measured in a 45° sitting position. The needle 
xvas removed from the vein and the patient 
was allowed to remain for 30 to 45 minutes 
in a 45° sitting position. FoUoiving this rest 
period, tlie needle was replaced in the same 
vein, and venous pressure was again meas- 
ured. 

5. Effect on Venous Pressure of Bending 
as Compared with Tilting. With use of the 
tilt table, bending of the patient was com- 
pared with tilting. Venous pressure was meas- 
ured in the following successive positions: ( o) 
supine, (b) with die head end of the tilt 
board raised to a 45° angle, (c) supine, 
(d) tilted to a 30° angle, (e) lilted to a 45° 
angle, and (f) supine. The 20 subjects used 
in this experiment consisted of normal indi- 
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viduals and patients in whom treatment witli 
penicillin for primary and secondary syphilis 
was nearing completion. 

6. Factors Involved in the Rise of Venous 
Pressure. An attempt was made to change 
the anatomical relation of surrounding stnic- 
tures to the subclavian and axillary veins. 
This was accomplished by passively support- 
ing each shoulder so that the clavicle was 
displaced anteriorly and superiorly. The head 
was toned toward and away from tlie side 
of the measurement in an effort to decrease 
^•enous pressure. Ten individuals including 
normal subjects and patients with chronic 
disease were studied. 

The effect of changes in posture on 4 
patients with an abnormally high supine 
venous pressure (above 200 mm. saline) was 
studied. Three of tlie patients were in con- 
gestive heart failure; tlie otlier patient had 
a superior vena caval obstruction. 

7. The Relation Between Commonly Used 
Reference Points. The effect of postural 
changes on venous pressure as well as the 
interpretation of \'enous pressure as an 
estimate of right auricular pressure is 
dependent upon the reference le\'el used. 
Consequently, it is important to determine 
the relation of different reference levels to 
one another. Anthropometric measurements 
were made on the 20 subjects presented in 
Part 5 to determine the reference levels of 
Burch and associates!®, Lyons, Kennedy and 
Burwell®, Moritz and von Tabora®, von 
Recklinghausen!®, and Eyster!. For compari- 
son, the reference levels were related to the 
surface of the examination table. 

8. Changes in Right Auricular ^Pressure with 
Changes in Posture. Right auricular pressure 
was measured in 2 normal subjects. In one 
case, a saline manometer attached to an in- 
dwelling intracardiac catheter was used to 


measure intraeardiae pressure. In the otlier 
case, right amricular pressure was measured 
with the saUne manometer and tlien with a 
Hamilton manometer®. The zero point on the 
saline manometer was set on a level with the 
phlebostatic axis. Saline was allowed to run 
into the right auriele until equilibrium was 
reached. Measurements with the Hamilton 
manometer were also referred to the phlebo- 
static axis. 

Results. 1. Comparison of Mano- 
meters. The venous pressure in the 
normal subjects and in patients with 
disease but without a pathological 
basis for venous h)rpertension ranged 
from 33 to 159 mm. of water with the 
phlebomanometer of Burch and Sode- 
man and from 49 to 163 mm. of saline 
with the apparatus of Moritz and von 
Tabora. The tension in the veins of 
patients with congestive heart failure 
varied from 71 to 345 mm. of water 
witli the instrument of Burch and 
Sodeman and from 69 to 337 mm. of 
saline with the second method. Calcu- 
lation of the mean venous pressure 
showed a value of 111 mm. of water 
by the method of Burch and Sodeman, 
and 113 mm. of saline by the method 
of Moritz and von Tabora. This differ- 
ence was not statistically significant 
(t =r 1.35; P = 0.8-0.9; N = 31^). 

2. Reliabilitij of Repeated Obser- 
vations. Supine measurements of 
venous pressure did not vary signifi- 


* The significance of the differences between positions were evaluated by calculating t 
values according to the formula: 


E (X, - X-) 


<!Mn diff. 


Mn diff. 
<!Mn diff. 


O'iMn diff. 


O'diff. 

Vn - 1 


O'diff. = 




'2(xi - X2)= Z' 

S(xi — xj) 

V 

N V 

N 



where Xj and Xg are observations made before and after change in position. 



284 


DAVIS, shock: venous and right auricular pressure 


cantly between repeated observations 
on the same patient before and after 
tilting to an angle of 45° (Fig. 3). 
The mean before tilting was 93 mm.; 
after tilting tlie mean was 95 mm. 
(t = 1.15; P = > 0.9; N = 20). The 
correlation between measurements 
made before and after tilting was 0.9 
(N = 20). 

3. Effect of Posture on V enoiis Pres- 
sure. A. Comparison of Venous Pres- 


were 155 ± 22, 109 ± 17, 145 ± 21, 
and 110 dz 20 mm. of saline respec- 
tively (Fig. 1). The difference between 
mean 45° and mean supine readings 
was 41 mm. (t = 4.58; P = < 0.01; 
N = 10). 

B. Serial measurements of Venous 
Tension witli Changes in Body Posi- 
tion. When the patient assumed a 45° 
sitting position from a supine posture, 
the mean ^'enous pressure increased 



BODY POSITION 

Fig. 1. The effect on \’enous pressure of changing body position from a 45° sitting posture to 
a supine position. Mean values for 10 subjects. Measurements: A, 45° sitting posture after 15 
minutes rest in this position. B, supine position. C, 45° sitting position. D, supine position. 


sure in Supine with Sitting Posture. 
Elevated venous pressure was observed 
in a sitting posture regardless of 
whether the patient rested for 15 
minutes in a sitting position or was 
changed to a sitting posture after the 
supine measurements were made. Mean 
venous pressure in 4 successive posi- 
tions (in a 45° sitting, supine, 45° 
sitting, and supine) for 10 patients 


from 87 ± 10 to 145 ± 18 mm. of 
saline (t = 6.93; P = < 0.01; N = 10) 
(Table 1). Tliis increase was followed 
by a slight drop in I'enous tension in 
some cases (see Case J. C., Fig. 3), 
but the pressure levelled off within a 
15 to 20 minute period and remained 
significantly higher than the supine 
values. In one case only (Case J. G., 
Fig. 2), venous pressure remained con- 
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stant v'itli tlie change in body posture, 
^Vhen tlie subjects were returned to the 
supine position, tlie mean pressure 
dropped from 145 ±: IS mm. to 82 ± 
10 mm. (t = 8.44; P = 0.01; N = 10). 
The final pressure recorded was not 
significantly different from the original 
supine values (t = 1.76; P = 0.8-0.9; 
N = 10). 

C. "N^enous Pressure in the Supine 
Position and in the 45° Sitting Position 
Before and After Resting for 30 


value of 91 ±: 13 to 142 ± 22 mm. of 
saline (t = 3.90; P = < 0.01; N = 8) 
for die sitting posture. After 30 minutes, 
the mean venous pressure for the 45° 
sitting position was 150 ±: 24 mm., 
which did not difiFer significantly from 
the mean value obtained before tlie 
rest period, (t = 1.78; P = 0.8-0.9; 
N = 8). 

4. Effect on Venous Pressure of 
Bending os Compared with Tilting. 
The average venous pressures in the 



TIME IN MINUTES 

Fig. 2. Serial venous pressure measurements (mm. saline) in supine and in the 45° sitting 
position in 4 subjects. Arrows indicate change in posture: 

I supine to 45° sitting j 45° sitting to supine O O O Subject C. W. 


Minutes. Witli the e.xception of one 
case (Case J. G.), an increase in 
venous pressure occurred with the 
assumption of the 45° sitting position 
in tlie same subjects that venous ten- 
sion became elevated during the serial 
measurements (Table 1). Venous 
pressure increased from a mean supine 


□ □ □ “ J. H. 

■ ■ ■ J- 

supine, 45° sitting position, supine, 
tilted to a 30° angle, tilted to a 45° 
angle, and supine positions were 95 ± 
7, 145 dr 9, 93 ± 7, 113 dr 9, 140 dr 10, 
95 dr 7 mm. of saline respectively 
(Fig. 3). When the results of ihe entire 
group were considered, both bending 
and tilting the patient resulted in a 
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significant elevation in venous pres- 
sure (Bending, t = 9.03; P = 0.01; 
N = 20; tilting, t = 8.51; P = 0.01; 
N = 20). However, in 4 cases of this 
group, die tension remained constant. 
The difiFerence between bending and 
tilting was insignificant (t = 1.34; 
P = 0.8-0.9; N = 20). 

5. Factors Involved in the Rise of 
Venous Pressure. Tlie displacement of 
the clawcle anteriorly and superiorly 
by supporting tlie shoulder resulted in 
a slight increase in venous pressure 


the tension approach the supine value. 
When die head was turned away from 
the side of the measurement, venous 
pressure increased slighdy. 

In 4 cases, die venous pressure in 
the supine position was above 200 mm. 
of saline. In diese padents, venous 
tension remained constant as the posi- 
tion of die body was changed from 
supine to a partially erect posture. One 
of the 3 patients with heart failure 
was studied again after cardiac com- 
pensation had been accomplished and 



BODY POSITION 

Fig. 3. The effect on venous pressure of bending as compared tilting tlie subject. Mean 
values for 20 subjects. Measurements in; A, supine position after 15 minutes rest. B, after rais- 
ing subject to 45° sitting position by bending at hips. C, after return to supine position. D, after 
tilting entire body to 30°. E, after changing body position from 30° to 45° by tilting. F, after 
returning to horizontal position. 


in most cases. This rise in venous pres- 
sure occurred regardless of whether 
the same or contra-lateral shoulder was 
moved anteriorly. 

Turning of the head toward the side 
of measurement often resulted in a 
slight reduction in venous tension 
(10 to 20 mm.), but in no case did 


a normal supine venous pressure was 
present. This patient then showed the 
usual increase in venous pressure with 
the assumption of a 45° sitting posture. 

6. Relation of Commonly Used 
Reference Points to One Another. The 
results of anthropometric measure- 
ments made to determine differences 
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between various reference levels are 
presented in Table 2. The greatest 
difference between reference levels was 
79 mm.; tliat is, between die reference 
point of 10 cm. above die examination 
table and die reference point of 
Moritz and von Tabora. The latter 
point is usually on a level with die 
right auricle (radiological evidence®), 
but a negative venous pressure was 
recorded several times during this 
investigation witii tiiis reference level. 


7. Changes in Right Auricular Pres- 
sure with Changes in Position. Eight 
auricular pressure decreased in each 
of 2 subjects widi a change in body 
position from a supine position to a 
45° sitting posture. In the case in 
which die measurements were made 
with the saline manometer only, right 
auricular pressure decreased from 105 
to 55 mm. of saline. In the odier case, 
right auricular pressure decreased from 
120 to 60 mm. of water and the results 


TABLE 1. VENOUS PRESSURE'. IN THE SUPINE AND THE 45“ SITTING 
POSITION ON 2 DIFFERENT DAYS 


Day One 

Serial Venous Pressure 
Measurements 


Subjects 

Supine® 

45° Sittingf 
Position 

1. C.W. 

109 

184 

2. J.C. 

100 

152 

3. J.M. 

92 

128 

4. E.H. 

87 

157 

5. H.E. 

85 

141 

6. N.C. 

84 

147 

7. E.H. 

75 

137 

8. C.W. 

80 

184 

9. J.H. 

80 

149 

10. J.G. 

74 

75 

Mean Pressure 

86.6 

144.7 

Mean Variation 

9.7 

18.1 


Day Two 

Venous Pressure Before and After 



Resting 

for 30 Minutes 


45° Sittingf 

45° Sitting 
Position after 

Supine® 

Supine 

Position 

30 Min. 

114 

100 

178 

189 

88 

102 

107 

116 

82 

101 

153 

161 

69 

88 

115 

146 

84 

— 

— 

— 

76 

83 

167 

159 

75 

— — 


— 

85 

85 

181 

178 

77 

69 

137 

151 

74 

100 

98 

97 

82.4 

91.0 

142.0 

149.6 

9.5 

12.8 

22.2 

23.8 


• Average value of supine measurements, 
f Initial reading 2 to 5 minutes after assuming the 45° position. 
§ All venous pressure measurements in mm. saline. 


TABLE 2. MEAN VALUES OF ANTHROPOMETRIC MEASUREMENTS OF 
REFERENCE LEVELS ON 20 SUBJECTS 


Reference Level 

1. Lyons, Kennedy and 

Burwell 

2. von Recklinghausen 

3. Winsor and Burch 


4. Moritz and von Tabora 

5. Eyster 


Definition 

100 mm. above surface of 
examination table 
Midpoint of thorax 
Phlebostatic axis is tlie line 
of intersection of two 
planes.® 

50 mm. dorsal to the 4th 
costochondral junction 
Junction of anterior and mid- 
dle thirds of thoracic dia- 
meter 


Distance in mm. above examina- 
tion table at level of 4tb 
costochondral junction 
100 

110 

114 


179 

146 


® A frontal plane % the thoracic diameter at the level of the base of the .xiphoid process of 
the sternum intersects a cross sectional plane at the level of die 4th intercostal space adjacent 
to the sternum. 
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obtained with the 2 manometers did 
not vary significantly. 

Discussion. The experiments per- 
formed in this investigation demon- 
strate an increase in antecubital venous 
pressure with a change in body posi- 
tion from a supine to an erect posture. 
This finding differs from tlie results 
obtained by Burch and associates who 
reported no change in venous pres- 
sure witli postural changes. The differ- 
ence in the results reported in this 
paper and those reported by Burch 
and his co-workers cannot be due to 
the use of a different reference level 
because tire venous pressure measure- 
ments in tliis investigation were refer- 
red to tire phlebostatic axis of their 
study. Neither can tire differences be 
ascribed to tire type of manometer 
used, since it was shown that the phle- 
bomanometer of Burch and Sodeman 
and the saline manometer of Moritz 
and von Tabora gave equivalent values. 
To eliminate the influence of the type 
of bed on the measurements (with a 
possible alteration in the pressure 
relations of surrounding structures to 
the vein), botlr a hospital bed and a 
padded table were used. Regardless 
of the type of bed used for each experi- 
ment, the venous pressure was ele- 
vated in sitting positions. 

The elevated venous pressure present 
in sitting positions was not the result 
of failure to allow sufficient time for 
cardiovascular adjustment after a 
change in posture. This statement is 
supported by evidence obtained from 
tire serial measurements of venous 
pressure. Venous tension was elevated 
after 20 minutes of repeated obser- 
vations (Fig. 2). The slight decrease 
in venous pressure which occurred dur- 
ing tire first few readings in the 45° 
sitting position, in some cases, is prob- 
ably the result of relaxation. 

In order to eliminate the effect that 
continuous infusion of saline might 
exert on venous tension (Serial Meas- 


urements), venous pressure was deter- 
mined before and after resting for 30 
minutes in the 45° sitting position. 
The results of this experiment furnish 
additional evidence that venous pres- 
sure remains elevated in the sitting 
posture and that sufficient time was 
allowed for cardiovascular adjustment. 

Is the elevated venous pressure in 
the sitting position the result of pres- 
sure from surrounding structmres on the 
axillary or subclavian vein? To answer 
tliis question, studies of venous pres- 
sure were made before and after tilt- 
ing tlie patient to a 45° position. By 
tilting the patient, the anatomical 
relation of structures remained un- 
changed in different body positions 
except as it might be affected by 
gravity. The finding tliat the tilting as 
well as the bending of the patient 
resulted in an elevation of venous pres- 
sure indicates tliat local pressure on the 
vein from surrounding structures is not 
die causative factor. Attempts to alter 
die anatomical relation of structures to 
the large veins by turning the head or 
by displacing the claidcle resulted in 
an increase or failed to demonstrate a 
fall in venous pressure of sufficient 
magnitude to be significant. This find- 
ing also indicates that pressure from 
surrounding structures on die axillary 
and subclavian vein is not responsible 
for the elevated venous pressure in the 
sitting position. 

Assuming that measurements of 
venous pressure in an antecubital vein 
was indicative of right auricular pres- 
sure, it would be expected that right 
auricular pressure would increase with 
a change from a supine to a sitting 
position. On the contrary, a decrease in 
right auricular pressure occurred with 
this change in position. The decrease 
in right auricular pressure may have 
been the result of the shifting of blood 
from superior to inferior portions of the 
body due to gravity. 

Presumably, venous tension could be 
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evaluated in tlie sitting posture by 
determining the normal range of ven- 
ous pressure in various sitting posi- 
tions. However, tlie validity of such 
measurements seems questionable 
since 4 normal subjects failed to show 
an elevated tension in tlie sitting pos- 
ture. Furtliermore, venous pressure 
remained constant upon assumption of 
a 45° sitting position in all 4 patients 
with a supine venous tension greater 
than 200 mm. of saline. Tliis result 
suggests tliat tlie mechanism responsi- 
ble for tlie elevation of venous pressure 
in sitting positions does not operate 
at high levels of venous pressure. Con- 
sequently, no attempt was made to 
establish tlie normal range in different 
sitting positions. 

When the reference point of Moritz 
and von Tabora was used, a negative 
venous pressure was recorded several 
times. This finding indicates tliat this 
reference level is unsatisfactory for 
venous pressure measurements. The 
reference levels of von Recklinghausen, 
of Lyons, Kennedy, and Burwell, and 
of Winsor and Burch did not vary 
greatly from each other in 20 patients, 
and each level resulted in positive 
venous pressure readings. From the 
available data it cannot be stated which 
one of these reference points is most 
valid. However, it should be pointed 
out diat any reference level which is 
located by determining the anterior- 
posterior diameter of the chest will 
yield a lowvenous pressure in patients 
with a high thoracic diameter. In view 
of this, it seems that the reference level 
of Lyons, Kennedy, and Burwell of 
10 cm. from the examination table is 
the most practical one to use. 

Summary and Conclusions. 1. Com- 
parison of the phlebomanometer of 
Burch and Sodeman with the saline 


manometer of Moritz and von Tabora 
revealed no significant difference in 
the values obtained for venous pressure. 

2. When the phlebostatic axis of 
Winsor and Burch was used as a 
reference level, venous pressure in- 
creased as the patient changed posture 
from a supine to a sitting position. 

3. Tilting the patient to a 45° angle 
resulted in an increase in venous pres- 
sure which was not significantly differ- 
ent from the increase which occurred 
when tire patient assumed a 45° 
sitting position. 

4. The elevated venous tension pres- 
ent in sitting positions was not low- 
ered by altering tlie anatomical relation 
of surrounding structures to the axillary 
and subclavian veins. 

5. The available data do not allow 
a conclusion to be made as to the 
mechanism for the observed increase 
in venous pressure. It is suggested that 
die high venous pressure found in 
sitting positions was not the result of 
die pressure of surrounding structures 
on the proximal veins. 

6. Right auricular pressure decreased 
in each of 2 subjects with a change 
from the supine to a 45° sitting posi- 
tion, It is suggested that this fall in 
intracardiac pressure is the result of a 
shift in blood from superior to inferior 
parts of die body by gravity. 

7. Failure of venous pressure to rise 
with the assumption of the sitting pos- 
ture in some patients precludes the 
establishment of normal standards in 
various sitting positions. 

8. It cannot be definitely stated which 
one of the commonly used reference 
levels for venous pressure is most valid, 
but it is suggested that the level of 
10 cm. above the examination table is 
generally the most feasible. 


We are indebted to Mrs. Elizabeth Strawn, R.N., for technical assistance with tlie venous pressure 
measurements and to Dr. James Birren for suggestions concerning the statistical treatment of the data. 
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RENAL STUDIES IN ACUTE INFECTIOUS (EPIDEMIC) HEPATITIS* 

By John D, Faequhak, M.D. 
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(From The Children’s Hospital of Philadelphia [Department of Pediatrics], School of Medicine, 
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In tlie course of study of infectious 
(epidemic) and homologous serum 
hepatitis induced in human volunteers, 
it was observed tliat during the pre- 
icteric stage bilirubin frequently was 
detected in tlie urine before measur- 
able increases in total or prompt dii-ect 
reacting serum bilirubin occurred^^*^^. 
On tlie otlier hand, in tlie convalescent 
stage of hepatitis, bilirubin often 
disappeared from the urine while die 
total and prompt direct reacting serum 
bilirubin concentrations still were sig- 
niScandy elevated. Thus in hepatitis 
the presence or absence of biliru- 
binuria did not appear to be entirely 
related to die concentration of serum 
bilirubin. Possible explanations for tins 
phenomenon include; 1, a qualitative 
difference in die t)^e of bilirubin pres- 
ent at different stages of hepatitis or 
in its availability to the kidney for 
excretion; 2, a change in the functional 
capacity of die kidneys to excrete bili- 
rubin during the different stages of 
hepatitis. The frequent occurrence of 
renal disturbance in hepatic disease 
suggested an investigation of die sec- 
ond possibility. The present report is 
an explorative survey of renal function 
during the course of acute infectious 
(epidemic) hepatitis. 

Methods of Study. Subjects. The renal 
studies were carried out during the course of 
other investigations of infectious hepatitis (I 
H virus). Material containing the I H virus 
was given orally to 6 white male volunteers^-. 
Studies of liver and kidney function were 
made frequently before, during and after the 
onset of the disease. The men ranged in age 
from 18 to 24 years, and none had any clinical 
or laboratory evidence suggestive of hepatic 


or renal disturbances prior to the onset of the 
induced hepatitis. One, J. B., age 25, how- 
ever, subsequently recalled an illness sug- 
gestive of acute glomerulonephritis at the age 
of 11 years. This illness apparently was fol- 
lowed by a complete clinical recovery within 
a few weeks. 

Of the 6 men inoculated with tlie I H virus, 
4 developed hepatitis after incubation ranging 
fiom 18 to 27 days. In 3, the illness was 
moderately severe witli jaundice, while in the 
4th, M.T., it was mild, the jaundice not being 
apparent. 

Procedure. Addis counts and urea clearance 
determinations were made once weekly on 
each man except during the 1st week of 
illness, when studies were done twice. They 
were begun before inoculation of the virus 
and continued for 2 to 3 months after the 
onset of hepatitis. Liver function tests in- 
cluding serum and urine bilirubin determina- 
tions were performed tviice weekly. 

Addis Counts. The subjects ingested no 
liquids during the 24 hom- test period. All 
urine excreted during the second 12 hours 
was collected and examined promptly for: 
<7, 12 hour urine volume, 6, specific gravity, 
c, total protein^^, d, total erytlirocyte count, e, 
total leukocyte count, and f, total cast count. 
The values generally accepted as normal and 
the pre-hepatitis values of these men are 
given in Table 1. Although the results of the 
Addis counts done prior to the onset of hepa- 
titis in these volunteers were avithin the nor- 
mal range, their own pre-hepatitis values 
probably provide a better means for evaluat- 
ing the effect of hepatitis. It should be noted 
that the erythrocyte and cast excretion are 
plotted on logarithmic scales on the charts. 

Urea Clearance. Urea nitrogen was meas- 
ured in the same urine specimen used for the 
Addis count and in blood drawn at some 
time during the urine collection period. The 
urea clearance was calculated according to 
the formula of Moller, McIntosh, and Van 
Slyke®: U is the urine urea nitrogen, B is the 
Blood in ml. cleared 
of urea per minute 

blood urea nitrogen, and V is the volume of 



* Conducted in part under The Commission on Liver Disease, Army Epidemiological Board. 
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urine in ml. excreted per minute. This formu- 
la, wliich gives tlie “standard” urea clearance, 
was selected because tlie urine flow was less 
than 1.5 ml. per minute in all instances^^. 
The normal mean is 54 ml. of blood cleared 
of urea per minute, and die normal range is 
from 40 to 69 ml.J^®. 

Bilirubin Determinations. Serum bilirubin 


was measured according to methods pre- 
viously described^®. The normal range for 
total serum bilirubin is 0.1 to 1.0 mg. per 
100 ml., and for prompt direct reacting bili- 
rubin 0,1 to 0.21 mg. per 100 ml. The Har- 
rison spot tests was used to measure urine 
bilirubin, and readings of plus 2 or greater 
were judged to be abnormal. 



Fig. 1. Twelve hour urine volumes. These fell below pre-hepatitis levels in all 4 men 
during the first 10 days of hepatitis. The normal mean established by Addis is 380 ml. In this 
and subsequent figures, the vertical arrow at tire bottom of the chart indicates the onset 
of the hepatitis. 



Fig. 2. Urine specific grainty. That of M.T. varied inversely with his urine volume through- 
out the course of his very mild hepatitis. Those of the other 3, who had moderately severe 
hepatitis, fell below' pre-hepatitis levels during tlie first 10 days of illness at a time when the 
urine volumes were also decreased. The minimal normal specific gravity during fluid restriction 
for an Addis count is 1.02S. 
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Results. 12 Hour Urine Volume. 
Figure 1 shows that tlie 12 hour urine 
volumes dropped rather sharply during 
tlie 1st \veek of hepatitis, tlien gradu- 
ally increased until, in tlie 8rd week, 
tliey were above the normal mean. The 
urine volumes remained elevated dur- 
ing the 4th and 5tli weeks before 
returning toward tlie normal mean. 

Specific Gravity. In 3 of tlie 4 sub- 
jects, tlie urine specific gravity 
decreased during tlie 1st week of 
hepatitis. The man who had the mild- 
est hepatitis, M. T., did not show this 
change until tlie 2nd week. The specific 
grai'it)’’ readings were low on 2 of the 


the generally accepted upper limit of 
normal. M. T.’s mild attack caused only 
a slight increase over pre-hepatitis 
values. The increased protein excretion 
did not persist longer than 3 weeks 
in any of the 4 men. 

Total Erythrocyte Count. Two men 
excreted red blood cells in excess of 
die maximal normal, the increase being 
very great in one. The others showed 
an increased number of erythrocytes 
in tiieir urine as compared to their pre- 
hepatitis levels, but the values found 
remained within the generally accepted 
normal limits. A marked increase in 
red blood cell excretion occurred in the 



WEEKS 

Fig. 3. Abnormal proteinuria. This occurred at the onset of hepatitis in all 4 men. The mild 
illness of M.T. caused only a slight increase over his pre-hepatitis level. 


men for 2 weeks, and remained low 
on the other 2 at the end of 6 weeks. 

For the most part, the specific gravity 
readings and 12 hour urine volumes 
varied inversely as would be expected. 
However, at the onset of hepatitis the 
specific gravity as well as the urine 
volume decreased in 3 of the 4 men. 

Total Protein. All 4 men had an 
increase in the amount of protein in 
the urine. In 3, the increase exceeded 


urine of J. B., age 25 years. This man 
had the history suggestive of renal 
disease at the age of 11. 

The increase in erythrocytes began 
during the 1st week of hepatitis in all 
4 men. The onset of hepatitis and 
hematuria occurred simultaneously in 
J. B., whose illness began during a 
collection period for an Addis count. 
This early study showed an abnormally 
large number of red blood cells in the 
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urine. Er)iiirocyte excretion was udtiiin 
limits considered normal in 3 men at 
tire end of 1 montli, but remained 
elevated for 2 months in tire case of 
J. B. At the end of 3 montirs, J. B. 
also had returned to normal (not 
shown on tire figure). 

Total Leukocijte Count. No signifi- 
cant increase in tire number of leuko- 
cytes was observed in the urine of any 
of tliese men during tliis stud)'. For tliis 
reason, these results have not been 
charted. 


none had an increased number of 
casts prior to tire onset of hepatitis, 
tlrese findings are probably significant. 

Urea Clearence. The urea clearance 
determinations reveal a trend toward 
reduced urea elimination early in 
hepatitis. D. M. had a significant ele- 
vation of blood urea nilrogen which 
rose from IS to 26 mg. per 100 ml. 
during tire 1st week of illness, then 
returned to normal in tire 2nd week. 
The results are inconclusive and hence 
are not shown. 



Fig. 4. Ei 3 ’throc)'te e.Nca'etion. All 4 men had an increased erytlrrocj’te e-wretion over pre- 
hepatitis values, the increase being over the mrtxiinal normal in 2. J.B., wth the history 
suggestive of renal disease in childhood, had a tremendous increase in red blood cell excretion. 


Total Cast Count. Abnormally in- 
creased cast excretion occurred in all 
4 men at some time during the hep- 
atitis. Granular casts predominated 
urith occasional hyaline casts being 
seen. No other t}'pes were found. Cast 
excretion was somewhat irregular and 
not uniform in the 4 men, but since 


Serum and Urine Bilirubin. The total 
serum bilirubin rose to about 10 mg. 
per 100 ml. in 3 men. In the 4th, it 
increased from normal pre-hepatitis 
values to about 1.5 mg. per 100 ml., 
returning within 3 weeks to the 
previous level. The prompt direct 
reacting bilirubin values were roughly 
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oue-lialf tlie total serum bilirubin 
le\^els, and closely paralleled tliem 
tlu'ougliout tlie course of tlie hepatitis 
in all 4 men. 

The urine of each man contained 
abnormally large amounts of bilirubin 
from 1 to 4 days before tlie total or 
prompt direct reacting serum bilirubin 
increased significantly. It is also inter- 
esting tliat tlie urine was free of 
abnormal amounts of bilirubin for 
approximately 1 to 3 weeks before tlie 
serum bilirubin fell to normal. 


Elsom® studied by Addis counts the 
renal function of 16 patients with 
obstructive jaundice and 1 with arseni- 
cal hepatitis. An increased excretion 
of casts was tlie most striking abnor- 
mality noted, altliough an increased 
number of epitlielial cells and leuko- 
cytes was equally consistent. The low 
incidence of albuminuria found by 
Elsom was not substantiated by 
Thompson, Frazier, and Ravdin^'^ who 
found at least a trace of albumin in 
the urine specimens of all patients 



Fig. 5. Cast excretion. From normal pre-hepatitis values cast excretion increased greatly 
during the hepatitis in all 4 subjects. The increases were above the maximal normal. 


Discussion. We had the advantage 
in this study of being able to perform 
renal function tests prior to the onset 
of hepatitis and for 2 to 3 months after 
the onset. Furthermore, the etiological 
agent responsible for tlie hepatitis was 
definitely known^^, the disease having 
been artificially induced and uniform 
in all 4 subjects. 


witli obstructive jaundice. These inves- 
tigators noted also a reduced concen- 
trating power of the kidneys in 22 of 
the 32 patients with obstructive 
jaundice, and in 43 of 61 patients who 
eventually died of hepatic or biliary 
tract disease. Of the 32 patients with 
obstructive jaundice, leukocytes were 
found in abnormal numbers in 17, 
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casts in 13, and red blood cells appear- 
ed sporadically in 4. 

The present study reveals a definite 
reduction in the concentrating power 
of the kidneys early in the course of 
hepatitis in 3 of the 4 subjects. The 
concentrating power of the kidneys is 
generally accepted as a measure of the 
functional capacity of the renal 
tubules^. 

The appearance of increased 
amounts of protein in the urine sug- 
gests the presence of some factor pro- 
ducing renal (presumably glomerular) 
irritation. An increase of bile salts in 
the blood has been suggested in the 
work of Stewart and Cantarow^® as 
the cause of the renal irritation. 
Hepatic nephrotoxins have been pro- 
posed by Helwig and Schutz® and 


thymol turbidity^®— were abnormal dur- 
ing this early phase of hepatitis, sug- 
gesting the presence of hepatic i^jur}^ 
Injured hepatic cells may have been 
producing neplxrotoxins; the relation- 
ship of renal disturbance to hepatic 
damage, however, is uncertain. 

Increased numbers of red blood cells 
in the urine occurred to some degree 
in all 4 subjects early in the course of 
hepatitis. This finding was not charac- 
teristic of cases of “cholemic nephro- 
sis”, as reported by Elsom® and by 
Thompson, Frazier, and Ravdin^^. This 
suggests tliat tlie glomeruli may be 
more prominently involved in ^'iral 
hepatitis than in cholemic nephrosis 
secondary to obstructive jaundice. It 
is of interest that the subject who dis- 
played the greatest increase of red 


TABLE 1. ADDIS COUNTS. 


Konmal range 
(according to Addis ) 

380 ml. ± 
1.025 or over 
0 — 60 mg. 

0 - 500,000 
0 - 2,000,000 
0 - 5,000 


Pie-hepatitis range 
for these subjects' 

350 - 460 ml. 
1.025 - 1.031 
25 - 50 mg. 

0 - 100,000 
0 - 1,400,000 
0 - 2,000 


(1) 12 hr. urine volume 

(2) Specific gravity 

(3) Total protein / 12 hr. 

(4) Total RBC excretion / 12 hr. 

(5) Total WBG excretion / 12 In:. 

(6) Total cast e.xcretion / 12 hr. 

® Based on 11 Addis counts done on 6 men. 

Boyce and McFetridge-. It is to be 
noted in the present study that the 
appearance of increased protein in the 
urine corresponded closely noth the 
appearance of bilirubinuria. Retained 
biliary products may have caused the 
renal irritation and proteinuria, or pro- 
teinuria induced by hepatic nephro- 
toxins may have carried bound bili- 
rubin into the urine. Bilirubinuria 
occurring before any detectable rise in 
the total or prompt direct reacting 
serum bilirubin in- early hepatitis sup- 
ports the latter hypothesis. It is pos- 
sible, of course, that the virus itself 
affected the kidney directly. Certain 
liver function tests— cephalin-choles- 
terol flocculation, colloidal gold, and 


blood cells in the urine had a history 
suggestive of acute glomerulonephritis 
14 years previously. It is impossible to 
know whether this hematuria was due 
to a reactivated glomerulonephritis, 
renal involvement associated with 
hepatitis in a man with previously dam- 
aged kidneys, or simply renal iavolve- 
ment associated with hepatitis in it- 
self. The prompt improvement follow- 
ing recovery from hepatitis suggests 
that this was not a reactivation of 
glomerulonephritis . 

The appearance of increased 
numbers of casts in the urine of all 4 
men, as well as red blood cells and 
protein, further supports the hypothesis 
that renal irritation occurs in early 
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infectious (epidemic) hepatitis. The 
large numbers of epitlielial cells and 
leukocytes in the patients wdth obstruc- 
tive jaundice reported by Elsom^ were 
not found in tliese men with hepatitis. 

The urea clearance determinations 
reveal a trend toward reduced clear- 
ance early in hepatitis. Numerous 
workers, among whom are Meyers and 
co-workers®, WHensk}'^®, and Lichtman 
and Soh^^aF, have reported die relation 
of liver and biliar}' tract disease to 
renal damage widi nitrogen retention. 

The findings indicate that viral hepa- 
titis is accompanied by a demonstrable 
change in renal function, and that a 
more detailed study by methods per- 
mitting evaluation of glomerular and 
tubular activities separately is desir- 
able. This disturbance of renal function 


is probably not specific for acute in- 
fectious hepatitis, and may be found 
in other diseases. 

Summary. An exploratory survey of 
changes in renal function during the 
complete course of infectious hepatitis 
(I H \drus) induced in 4 volunteers 
is presented. Addis counts and urea 
clearance determinations were used in 
this survey, which was done in con- 
junction with a study of liver function. 

The following changes in renal 
function were observed early in the 
course of acute infectious hepatitis.- 1, 
decrease in the concentrating power of 
the kidneys; 2, increase in protein, 
erytlirocytes, and casts excreted in the 
urine; and, 3, trend toward reduced 
urea clearance early in hepatitis. 


I am indebted to Dr. J. R. Neefe and Dr. J. G. Reinhold, The Hospital of the University of 
Pennsylvania, for tlieir assistance and guidance. I also want to thank Dr. Joseph Stokes, Jr. and 
Dr. T. F. McNair Scott, The Children’s Hospital of Philadelphia, for their helpful suggestions 
in the preparation of this paper. 
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Organic compounds of mercury have injection. This has led some physicians 
been used extensively as diuretic agents to recommend the intramuscular route 
since 1920®, particularly in tlie man- exclusively--"-®. However, local pain 
agement of congestive heart failure, and irritation is a frequent objection. 
These have been effective, but a No one of the common diuretics 
number of toxic reactions has resulted, (mercuhydrin, salyrgan-theophylline 
Over SO immediate fatalities follow- and mercuzanthin) are free from local 
ing injection of mercurial diuretic effects, but each has a group recom- 
compounds have been reported since mending iU. 

1925. These have been well summar- Considerable effort has been directed 
ized by DeGraff and Nadler* in 1942 toward developing a mercurial diuretic 
and by Wexler and Ellis^^ in 1944. which is systemically less toxic and 
Since then several more have been locally non-irritating and readily 
reported^-®. In all these cases the drugs administered. Recently the disodium 
were injected intravenously; fatalities salt of N ( 7 -carboxymethylmercapto- 
have' never been noted by the -intra- mercuri-^-metho.xy) propyl camphor- 
muscular route®-®. Severe non-fatal amic aeid (Thiomerin'’) has been intro- 
shock and collapse reactions have been duced for subcutaneous use. This 
more numerous and occur witli all compound shows chemical similarity 
methods of administration®-®-^^. Many to mercurophylline (mercuzanthin), 
reactions of less serious nature have but the tlieophylline has been replaced 
been noted, such as hypersensitivity by sodium mercaptacetate with the 
states (astlima, urticaria and fever)®-®-”, formation of a mercaptide. Cardiac 
transient dyspnea, substemal oppres- toxicity in experimental animals has 
sion, and mild shock®. One case of been reported to be about 1/160 that 
tubular nephrosis due to acute of other mercurials given intrave- 
mercury poisoning has been reported^®, nously®. It is readily soluble in water. 
The incidence of serious toxicity is but because of instability in solution 
low when compared vutli the large it is at present supplied in powder 
number of injections®-®-^^, and even form with an ampule of distilled water, 
less frequent following intramuscular As now available this solution is stable 

* Supplied by Campbell Products, Inc., New York. 
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for 2 weeks or more at room tempera- 
ture and if kept refrigerated will last 
for several montlrs but should be dis- 
carded if color change or cloudiness 
develops. 

Metliod of Study. This report presents die 
clinical e.\periences ividi Thiomerin, and 
deals specifically with local and systemic 
toxic effects. 

Two groups were studied: a small hos- 
pitalized group of 59 patients in which care- 
ful obseri'ations were possible, and a larger 


metastases from a gastric carcinoma and one 
had pulmonary emphysema. 

Thiomerin was administered subcuta- 
neously in doses of I 2 to 3 cc., equivalent to 
0.07 to 0.42 gm. of die compound, or 0.02 
to 0.12 gm. of mercury. The most common 
dose was 1 cc., 2 cc. being next in frequency. 
The 59 hospitalized patients received a total 
of 430 injections, and the 350 out-patients 
a total of 1639 injections. The hospitalized 
patients received 1 to 35 injections at intervals 
of 1 to 3 days, die clinic patients 1 to 25 
injections at intervals of 1 to 4 weeks, as 
determined by die response. 



DAY5 UNDER TREATMENT 


Fig. 1.— Weight Loss in 4 Patients Treated with Thiomerin. 


group of 3 SO out-patients seen at intervals of 
1 to 4 weeks. The clinic group consisted 
entirely of patients with various degrees of 
congestive heart failure. Forty-nine of the 
hospitalized group were in congestive heart 
failure, 4 had ascites and edema of the lower 
extremities due to hepatic cirrhosis, 4 were 
in the nephrotic stage of chronic glomerulo- 
nephritis, one had ascites due to peritoneal 


Results. Results were evaluated by 
weight loss and clinical improvement. 
The achievement of “dry weight”^ was 
used as a measure of effective diuresis. 
In the out-patient group diuresis was 
satisfactory. Dietary cooperation was 
found to be necessary for maintenance 
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of dry weight. In 56 of the 59 hos- 
pitalized patients the diuresis was 
equal to or better tlian tliat to be 
expected from otlier diuretic agents. 
Occasionally as much as 20 pounds of 
weight was lost in 24 hours by an 
excessively edematous patient. T)q)ical 
responses of 4 of this group are indi- 
cated in Fig. 1. 

Generalized to.xic reactions have 
been absent, except for occasional 
development of muscle cramps, fatigue 
and weakness resulting from too rapid 
depletion of electrolyte and water. 
These symptoms were usually cor- 
rected by adjusting the frequency of 
administration and dose^, and adjust- 
ing the intake of water and electrolyte. 
No febrile reactions, hypersensitivity 


it necessary to discontinue the adminis- 
tration of Thiomerin because of local 
discomfort or irritation. No evidence 
of kidney damage was observed 
(Table 1). 

Discussion. Tlriomerin administered 
by die subcutaneous route is an effec- 
tive diuretic agent. The absence of all 
but minor local irritative phenomona, 
tlie apparent complete absence of 
systemic toxicity and tlie ease of 
administration provide a definite advan- 
tage. The incidence of excessive deple- 
tion of electrolyte and water is no 
greater tlian observ'ed with other 
organic mercurial diuretic agents-’®’®'^^. 

Many patients in congestive heart 
failure require a maintenance dose of 
mercurial diuretics at varying inter- 


TABLE l.-SUMMARY OF EFFECTS OF 2069 DOSES OF THIOMERIN 

IN 409 PATIENTS 



Number 

Number 

Diuresis 

Systemic® 

Ix)cal®® 


Patients 

Injections 

Good Fair Poor 

Reactions 

Reactions 

Hospital Patients 

59 

430 

51 5 3 

0 

5 

Clinic Patients 

350 

1639 

oeo 

0 

18 

Total 

409 

2069 


0 

23 


• Nine deaths in hospitalized patients unassociated \vitlj Thiomerin. 

•* In no case was it necessary to discontinue use of Thiomerin. 

••• Diuresis was generally satisfactoi)'. Patients were seen no oftener than once a weex 
making evaluation of diuresis difficult. 


states, gastrointestinal symptoms, or 
systemic reactions have been observed 
thus far. 

Local, immediate and delayed irri- 
tative reactions occurred, but have 
been minimal. Transient burning and 
occasional pain following injection 
were noted in a few patients, at most 
lasting 15 to 80 minutes. Patients rarely 
complained of this and its presence 
was determined by questioning. A few 
patients developed local pain and small 
persistent nodules which were slightly 
tender for 1 or 2 days. Two instances 
of small, slightly tender and painful 
ecch}Tnotic areas were noted at the 
site of injection. No necrosis or slough- 
ing of sldn was seen. At no time was 


vals. Gold et al.^ stated tliat manv of 
these were able to control their edema 
if taught to administer the mercurial 
diuretic to themselves witli their 
weight as a guide, a situation paral- 
leling that in diabetes mellitus. The 
ease of subcutaneous infection of 
Thiomerin, therefore, may prove to be 
one of its most important advantages. 

Summary. 1. A new mercurial 
diuretic (Thiomerin) for subcutaneous 
administration has been used wth 
excellent results nnth 2069 injections 
in 409 patients. 

2. Thiomerin has advantages over 
other mercurial diuretics; a. There is no 
anparent systemic toxicity, b. It is prac- 
tically painless when given sub- 
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cutaneously. c. It is equally or more 
eflFective tlian otlier mercurial diuretics, 
d. Self-administration by a patient 
under a physician’s direction is 
possible. 


The authors ^^'ish to express their appreci- 
ation to Mrs. Sarah Prieb, R.N., Dr. William 
Strecker, Dr. Quentin Young, and tlie med- 
ical residents in tire Cardiac Clinic for their 
help in preparing tlris report. 
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FoLLomNG Haldane’s® demonstration 
in 1921 that tlie cation (NH 4 +) of 
ammonium chloride is metabolized in 
the body to urea thus freeing an equiv- 
alent amount of anion (Ch), this salt 
has been used both orally and intra- 
venously as an acidifying agent in the 
treatment of clinical alkalosis. Its suc- 
cessful intravenous use in one patient 
was first reported by McCann® in 1922 
and in another in 1925 by Youmans and 
Greene^®. After Gamble and Ross® 
pointed out that tliis salt may cause 
sodium depletion and dehydration, en- 
thusiasm for its intravenous use les- 
sened. These workers advised tliat 
therapy consist simply of presenting tlie 
kidney witli adequate amounts of fluid 
and sodium chloride on tlie physiologic 
presumption that tlie selective excre- 
tion of tlie cation (Na+) would com- 
pensate for tlie alkalosis. However, the 
rationale of tliis procedure may be 
questioned since it postulates a nor- 
mally functioning kidney, while actu- 
ally renal damage or functional insuf- 
ficiency may occur in alkalosis (NicoP®, 
1940). In 1943 Zintel, Rhoads and 
Ravdin^® resumed the use of intraven- 
ous ammonium chloride and reported 
tlie successful treatment of 7 patients in 
alkalosis. Several subsequent reports 
indicate that tlie infusion of this salt 
may be a valuable tlierapeutic meas- 
ure=-ii'i3. 

In view of tlie increasing clinical use 


of parenterally administered ammo- 
nium chloride, it would seem worth 
while to review our knowledge of its 
pharmacologic effects and toxicity. 

Pharmacologic Effects. As early as 
1S93 Marfori’^ described the principal 
effects produced by injected ammonium 
chloride in animals as twitches, tremors 
progressing to tetany, violent convul- 
sions, opistliotonus, irregular respira- 
tion, salivation, emesis, somnolence and 
lassitude. Meneguzzi® reported in 1912 
tliat if ammonium chloride injection 
was not immediately fatal, tlie body 
functions recover rapidly from the ef- 
fects. Recently (1946), Brassfield ef al.^ 
showed that intravenous ammonium 
chloride produced an immediate in- 
crease in respiration, fall in blood pres- 
sure, and slowing of the heart. More 
pertinent was the report in the same 
year by Forbes and Erganian® who sup- 
plemented tlieir clinical studies with 
some experimental results. They found 
tliat 20 to 30 cc. of 0.89% ammonium 
chloride per kilogram body weight 
could be injected into dogs and rabbits 
producing only symptoms of excessive 
salivation, h)'perpnea and drowsiness, 
but tliat a more rapid rate of injection 
produced stupor and convulsions. Koe- 
nig and Koenig® reported in 194S that 
intravenous ammonium chloride can 
produce pulmonary edema. Ammonium 
compounds are also reported to have 
a weak curarizing action on skeletal 


Present address: Birmingham General Hospital, Van Nuys, California. 
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muscle, a stimulant effect on tlie central 
nervous system, and an expectorant 
effect. 

Toxicity in Patients. Forbes and 
Erganian" reported tliat one infant 
showed pallor, irregular respiration, oc- 
casional twitchings of tlie eyelids and 
hands, bradycardia and poor response 
to painful stimuli following the intra- 
venous administration of 30 cc. per leg. 
of 0.89% ammonium chloride over the 
course of 18 minutes. They attributed 
these toxic signs to a too rapid injection 
with extensive fall in serum pH. 
Schemm^^' (1947), though using only a 
0.46% solution of ammonium chloride, 
observed minor toxic signs in 5 patients 
consisting of pallor, sweating and retch- 
ing. Strangely enough, in die 2 series 
of patients^-'^^ given the higher con- 
centration of 2% ammonium chloride, 
no toxic reactions were reported. 

These diverse reports and the fact 
diat toxic reactions may occur clinically 
from intravenously injected ammonium 
chloride indicate a need for further ex- 
perimental study. We have undertaken 
tlie following laboratory investigation 
for the purpose of (a) elucidating die 
nature and mechanism of die toxic re- 
actions produced by inti-avenous ammo- 
nium chloride and (b) furnishing a basis 
for deciding how ammonium chloride 
solutions should be given for maximum 
safety and effectiveness. 

Experimental. 1. Method. Healthy, adult 
dogs of eitlier sex were anesdietized after a 
24 hour fast widi 34 mg. per kg. of sodium 
pentobarbital intravenously. A dry, crystalline, 
reagent quality of ammonium chloride was 
dissolved in sterile 5% dextrose of solution to 
make the final solution 2% in ammonium 
chloride. In order to determine the to.xicity of 
the ammonium radical independent of the 
acidifying effects of ammonium chloride, we 
also used solutions of 2.88% ammonium ace- 
tate, 2.96% ammonium bicarbonate, and 2.0 
and 2.5% ammonium carbonate prepared in 
the same way. The solutions were infused into 
die femoral vein at arbitrary rates controlled 
and checked by frequendy counting die drops 
per 30 second period in the intravenous ap- 


paratus. At die end of each experiment the 
rate of infusion in cc. per minute was deter- 
mined by counting die number of drops per 
cc. The rate of infusion was dien calculated 
to milliequivalents (0.001 gm. equivalent 
weights) of ammonium ion per minute, and 
finally as milliequivalents of ammonium ion 
er minute per kg. of body weight. Carbon 
ioxide combining power of plasma was de- 
termined by the Van Slyke and Neill mano- 
nietric mediodi*. 

2. Results. A typical sequence of toxic 
signs was obsen'^ed in almost all experi- 
ments, regardless of die particular am- 
monium compound used. In 28 of the 
32 animals studied, tlie onset of toxic 
signs was indicated by occasional deep 
inspiratory gasps followed by a marked 
expiratory effort witli strong contrac- 
tion of tlie abdominal muscles. These 
gasps became more frequent and pro- 
nounced until the respiration became 
very irregular, with each gasp accom- 
panied by a marked venh'al “jerking” 
of the head. Simultaneously the heart 
rate slowed doira and fhe systolic 
blood pressure increased, although tlie 
diastolic pressure was unchanged so 
tliat an increased pulse pressure re- 
sulted. Next, muscular twitchings were 
noticed, usually beginning about the 
angles of tlie moutli, spreading to tlie 
otlier muscles of the face and neck, and 
accompanied by fasciculations of the 
tongue. These twitchings quickly 
spread tliroughout the body and tonic 
and clonic convulsions followed. Unless 
tlie infusion was promptly stopped, 
death ensued from respiratory arrest 
with die heart beat continuing for sev- 
eral seconds after respiration ceased. 
Also noticed were occasional cardiac 
irregularities, auscultatory sounds char- 
acteristic of fluid in die lungs, as re- 
ported by Koenig and Koenig®, and 
hemolysis of the red blood cells of 
vaiying degree in all blood specimens 
drawn. 

In 20 experiments, the infusion was 
allowed to continue until the deadi of 
die animal. Death occurred from 11 to 
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70 minutes after the earliest definite 
evidence of toxicity, considered usually 
as die onset of tvvitchings of the facial 
muscles or fasciculations of tlie tongue. 
In 4 dogs, however, the typical warn- 


ing signs of toxicity did not appear. In 
one instance the first evidence of tox- 
icity was a tonic convulsion, followed 
immediately by death. Another animal 
showed some tendency to gasping res- 


TABLE l.-INTRAVENOUS INJECTION OF VARIOUS AMMONIUM SALTS IN 5% 
GLUCOSE SOLUTION GIVEN TO DOGS 

RATE OF ONSET OF 


AMMONIUM 

WEIGHT 

ADMINISTRATION 

INJECTION 

TOXIC 


SALT 

OF DOG 

ml. /min. 

mEq./min. 

RAIE 

SIGNS 


GIVEN 

Ocg.) 

(aver.) 

( aver. ) 

mEq./kS./min. 

(mins.) 

IRe/IRc 

2% NH4CI 

14.1 

3.88 

1.45 

0.103 

63 

2.29 


10.9 

3.39 

1.27 

0.116 

63 

2.58 


21.4 

7.67 

2.86 

0.133 

45 

2.69 


10.9 

3.61 

1.35 

0.124 

34 

2.76 


6.4 

3.19 

1.19 

0.143 

64 

3.18 


7.3 

2.93 

1.10 

0.151 

32 

3.36 


17.7 

8.43 

3.15 

0.178 

17 

3.96 


7.7 

3.98 

1.49 

0.193 

42 

4.29 


8.2 

4.25 

1.59 

0.194 

36 

4.30 


10.9 

5.83 

2.17 

0.199 

31* 

4.42 


12.5 

7.33 

2.74 

0.219 

18 

4.87 


12.9 

7.69 

2.88 

0.223 

14 

4.96 


7.2 

4.67 

1.74 

0.242 

11 

5.37 


6.7 

5.26 

1.97 

0.292 

8 

6.48 

NH4CI 

70.0 

8.34 

3.12 

0.045 

60 


used clinically 
in man. 

2 . 88 % Ammonium 

10.5 

5.52 

2.06 

0.196 

50 

4.35 

Acetate 

11.4 

6.06 

2.27 

0.199 

39 

4.42 

2.0-2.5% Ammonium 13.3** 

3.84 

1.68 

0.127 

57 

2.82 

Carbonate 

10.8*** 

4.90 

1.71 

0.159 

38 

3.54 

2.96% Ammonium 

10.8 

3.30 

1.23 

0.114 

27 

2.53 

Bicarbonate 

15.0 

5.30 

1.98 

0.132 

40 

2.94 


13.6 

4.87 

1.82 

0.133 

66 

2.95 


6.3 

2.28 

0.85 

0.137 

50 

3.03 


10.0 

3.66 

1.37 

0.137 

24 

3.04 


10.9 

4.05 

1.52 

0.138 

30 

3.06 


7.2 

2.79 

1.03 

0.143 

20* 

3.17 


13.3 

5.65 

2.12 

0.159 

25 

3.54 


13.6 

6.13 

2.29 

0.168 

30 

3.73 


13.3 

6.00 

2.24 

0.169 

50 

3.77 


5.9 

2.74 

1.03 

0.173 

28 

3.82 


6.8 

8.30 

1.23 

0.182 

15 

4.05 


10.9 

.5.72 

2.14 

0.197 

18 

4.37 


8.9 

5.21 

1.95 

0.219 

27 

4.87 


• Dog died at that time 

•• 2.5% 

••• 2 . 0 % 


The columns reading from left to right show in order the weight of the dog in kg., die 
average rate of infusion of the ammonium salt in ml. per min., the average rate of infusion 
in mEq. per min., the average rate of infusion of the ammonium compound in mEq. per kg. 
per min., and the length of time from start of infusion to onset of unmistakable to.vic signs. The 
data listed under the quotient IRe/IRc in the last column is the Injection Rate in that particular 
e.\-periment e.\-pressed in mEq. per kg. body weight per min. (IRe for In’ection Rate, 
ejqierimental) over the Injection Rate used clinically by Zintel, Rhoads and Ravdin*® and 
Sellers and KasU2 recalculated to the same units (IRc for Injection Rate, Clinical) which 
amounts to 0.045 mEq. per kg. per min. 
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piration with a little trembling at the of death. Ammonium chloride con- 
end of inspiration, and then quietly sistently caused a fall in carbon 
ceased breathing. The third animal dioxide combining power; ammonium 
showed some respiratory nregularity bicarbonate usually,' caused a slight 
and then died of respiratory arrest rise, and ammonium acetate no con- 
without muscular twitchings or other sistent change in the 2 cases studied, 
warning signs. The fourtli atypical dog The sequence of toxic events, how- 
showed se\'eral gasping respirations im- ever, was tire same regardless of die 
mediately followed by 2 successive direction or amount of change in car- 
tonic conioilsions, I'omited, and died bon dioxide combining power, 
of respiratory failure, possibly from as- Discussion. The results shown in 
piiated vomitus. Table 1 indicate that die appearance 

The data for die onset of toxicity in of toxic signs from ammonium chloride 
all 32 dogs are summarized in Table 1. administration are related to the rate of 
These data show that definite toxicity administration rather than die total 
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Rate of Infusion (meq./kg./min. 

Fig. 1.— Relationship betsveen rate of infusion and time to onset of to.xicity. 


was observed widi rates of infusion as 
low as 2.3 times that which liad been 
used clinically, while a rate of 6.4S 
times produced toxic signs in 8 minutes. 

Fig. 1 shows tlie time of onset of 
toxicity in minutes plotted against the 
average rate of infusion in milliequiva- 
lents of ammonia per minute. It will be 
observed that die curve is roughly hy- 
perbolic, and tiiat no consistent differ- 
ence is observed between the several 
ammonium compounds used. 

Table 2 lists die carbon dioxide com- 
bining power of the blood, when am- 
monium salts were infected, before 
injection, at the onset of definite toxic 
signs, and at or ivithin 1 to 2 minutes 


TABLE 2.-EFFECT OF INJECTION OF 
AMMONIUM SALTS ON CARBON DIOX- 
IDE COMBINING POWER OF BLOOD 


Before 

Onset 


Ammonium Injection 

Toxicity At Death 

Compound Used Vols. % 

Vols. % 

Vols. 

Ammonium Chloride 56 

o 

. 4.0. 

52.5 

48.5 

. 11 

40.5 

24.5 

is 

46.5 

31 

27 

44.8 ' 

36 

21.6 

Ammonium Carbonate 50 

O 

63 

53 

61 

53.5 

O 

44 

56 

39 

53 

46 

« 

0 

50.1 

Ammonium Acetate 53 

45 

46.5 

43 

47 

49 


* No determination made because of tech 
nical error. 
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amount injected. The influence of tlie 
rate of injection on toxicity was sug- 
gested in tlie earlier experiments of 
Meneguzzi® who found tliat animals re- 
covered rapidly from tlie effects of am- 
monium chloride if the injection was 
not immediately fatal and Forbes and 
Erganian® who reported tliat more 
rapid rates of injection were more 
likely to produce severe toxic symp- 
toms. Also, this is probably die reason 
for the appearance of toxic sj'mptoms 
reported by Forbes and Erganian in 
die infant who received 30 cc. per kg. 
intravenously of 0.89% ammonium 
chloride widiin 18 minutes. We have 
recomputed die data given for die rate 
and amount of salt injected into diis 
infant and find that it amounts to 0.276 
milliequivalents per kg. per minute. 
This is entirely consistent widi the rate 
and time of administration which pro- 
duced toxic signs in our experiments on 
dogs (column 5, Table 1 and Fig. 1). 
This comparison would suggest tiiat 
our data on dogs may widi reasonable 
safety be applied to human beings. If 
so, the IRe/IRc ratio listed in Table 1 
is seen to be uncomfortably low in 
some cases. Thus, rates of administra- 
tion as low as 2.29 times diat used 
clinically could produce toxic signs in 
patients. This is significant in wew of 
the ease witii which an intravenous in- 
fusion may, if not constandy attended, 
flow into the vein in half or less the 
intended time. It would therefore seem 
wise to reduce the concentration and, 
or, the volume per hour, in order to 
decrease the risk of producing toxic 
reactions in patients. The occasional 
deadi of an animal in our studies with 
no warning signs re-emphasizes the im- 
portance of maintaining a wide safety 
margin. 

Probably because die therapeutic 
value of ammonium chloride depends 
largely on its acidifying action, atten- 
tion has been focused upon this action 
as die cause of to.\icity. Forbes and 


Erganian attributed the toxic signs in 
dieir patient to a too rapid injection 
widi extensive fall in serum pH. Since, 
however, we have been able to produce 
identical toxic signs witii ammonium 
compounds which are acidifying, al- 
kalizing, or neutral in their physiologic 
reactions, it is more likely diat die tox- 
icity is due to die amonium ion per se, 
and not to changes in serum pH. In 
die experiments where ive determined 
carbon dioxide combining power (Ta- 
ble 2), toxic signs and even deatii oc- 
curred widiout significant changes from 
the normal carbon dioxide combining 
power. 

Anotiier possibility which should be 
considered is diat the toxicity of am- 
monium compounds might depend 
upon die relative fractions existing as 
NH4+ and as NH3 or NH4OH. In 
aqueous solution diere is considerable 
variation in the amount of hydrolysis 
from moderate in ammonium chloride 
to considerable in ammonium acetate 
and bicarbonate. Howei'er, at the ap- 
proximate pH of blood the amount of 
NHs -f NH4OH would always be small 
relative to NH 4 + regardless of die vari- 
ation of pH widiin die physiological 
limits. 

It might be argued that die anes- 
thetic used (sodium pentobarbital) 
would interfere witii the translation of 
our results to unanesthetized patients. 
However, tiie close quantitative com- 
parison between our results and the 
single toxic reaction observed by 
Forbes and Erganian would indicate 
diat there has been little interference 
by die anesthesia. Furdiermore, we 
have consistently noticed a tendency 
for the anesthesia to become lighter 
after administration of ammonium ions 
was commenced, as evidenced by re- 
turn of deep tendon reflexes and of die 
wink reflex. This would suggest, as has 
been previously reported, that ammo- 
nium ions have a central stimulant ef- 
fect, and diat if anesthesia exerted any 
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influence on tlie toxicity of ammonium 
compounds, it would be in tlie direc- 
tion of protection rather than enhance- 
ment. 

The hyperbolic form of tlie mean 
cm've in Fig. 1 suggests tliat there is 
a slow rate of infusion of ammonium 
compounds which can be tolerated for 
long periods of time, probably because 
it is below tlie rate at which the liver 
can successfully convert all of the am- 
monium ion to urea. Conversely there 
is apparently a minimum time of sev- 
eral minutes which must elapse before 
toxic signs develop, no matter how high 
the rate. There is, however, a clear cor- 
relation between rate of administration 
of ammonium ion and the appearance 
of toxicity. No apparent correlation 
exists between total amount given and 
toxicity. 

We believe, therefore, tliat the safety 
of any clinical procedure using ammo- 
nium chloride intravenously depends 
upon the rate at which it is adminis- 
tered ratlier tlian tlie total amount used. 
This is a significant fact in clinical prac- 
tice, as tlie value of ammonium chlo- 
ride eitlier as an acidifying agent or as 
diuretic depends upon tlie conversion 
of die ammonium ion to urea, freeing 
the chloride ion. Consequently, exceed- 


ing the maximum rate at which this 
conversion can be accomplished does 
not increase eidier die rapidity or ef- 
fectiveness of dierapeutic action. The 
dierapeutic effects of ammonium chlo- 
ride are a function of die total amount 
administered and not of the rate. Con- 
versely, the toxicity is a function of die 
rate and not of the total amount. 
Hence, clinical safety without impaired 
efficiency may be gained by the slow 
administration of proper amounts of 
ammonium chloride. 

Summary and Conclusion. 1. Intra- 
venously injected ammonium chloride, 
though a valuable dierapeutic agent, 
has definite toxic potentialities. 

2. Occurrence of toxicity is depend- 
ent upon rate of intravenous adminis- 
tration, and virtually independent of 
total amount administered. Therapeutic 
value, on the other hand, depends upon 
amount administered regardless of rate. 
Therefore, slow rates of administration 
are safer without loss of effectiveness. 

3. Toxic reactions to ammonium 
chloride are due to die ammonium ion 
and not to the acidifying effect of the 
compound, since the same effects may 
be produced by the carbonate or ace- 
tate salt without accompanying aci- 
dosis. 
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(From tlie Di\'isions of Cardiologj’ and Chemistn’, Pliiladelphia General Hospital, and the 
Robinette Foundation, University of Pennsylvania) 


Recent studies ha\'e shoira diat 
serum potassium concentrations ma)' 
be lowered critically during tlierapy 
for diabetic acidosis^®--®'^^. Tlie severiL' 
witli which the skeletal muscle and 
cardiovascular si'stems are someb'mes 
affected, as well as tlie dramatic 
reversal of die smiptoms during die 
administration of potassium, suggests 
an electrolyte imbalance of a selective 
ti'pe. The striking manifestation of 
potassium deficiency that has been 
encountered in association with low 
potassium in the serum was first recog- 
nized and studied in patients i\idi 
familial periodic paralysis^"'®’®®’®®-®®-''®. 
Later studies revealed that patients 
\wdi odier conditions such as diar- 
rhea^®-^®"-, prolonged I'oniiting®, and 
Cushing’s Disease®® often exhibited 
manifestations of potassium deficiency. 


As our ini^estigations progressed, the 
importance of potassium depletion in 
patients widi diabetic acidosis became 
increasingly apparent. This report 
describes die changes in the serum 
potassium and their relation to certain 
odier constituents of the blood in 45 
patients widi diabetic acidosis. 

Methods and Materials. The diagnosis of 
diabetic acidosis was established by the usual 
clinical criteria; these included a carbon 
dioxide combining power of less tlian 14 
inEq. per liter and a blood sugar greater 
than 200 mg. per 100 ml. 

Upon admission to the hospital, I'enous 
blood was taken for determination of tlie 
blood sugar®-, plasma carbon dioxide com- 
bining power*!, pH (using a Cambridge pH 
meter and precautions to avoid loss of 
carbon dioxide), protein®®, chloride®*, blood 
iwea nitrogen®*, calcium*®, sodiumf and 
potassium*. These studies were repeated at 
inten’als vaiying from 1 to 12 hours after 


® This study includes a portion of the data obtained in the course of an investigation of 
diabetic acidosis at the Philadelphia General Hospital. This work was aided by a research grant 
from tlie United States Public Health Sen'ice. 

Presented in part at the annual meeting of tlie American Federation of Clinical Research, 
M.ay 4, 1948, and die Philadelphia College of Physicians, May 24, 1948. 

f The sodium and potassium determinations were made on a Perkin-Elnier flame photometer. 
Model 18, after precipitation of tlie serum proteins with trichloracetic acid. Nonnal values 
by this metliod are: Na, 136 to 152 niEq./l; K, 4.1 to 5.1 mEq/i. The instrument was 
standardized frequently during runs by means of a series of solutions of knovai sodium and 
potassium concentration. Recoveries of potassium added to serum ranged from 100 to 1109c, 
-'i-eraging 105c, xvhile sodium recoi-eries varied between 94 to 100? xvith an average of 
97?. When determinations were made in duplicate, the precision of tlie potassium determinations 
c.alculated as o-— /“ mEq. where n is tlie total number of determinations 

y n 

f 2 times tlie number of pairs) and .x, - -Vn represents tlie difference between duplicates. 

( 308 ) 
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the first administration of insulin until the 
clinical condition, the chemical, and the 
electrocardiographic findings showed marked 
improvement. The complete quantitative col- 
lection of urine samples during the first 12 
hours was often attempted but was satis- 
factor)" in onlj^ 1 patient. Anuria or loss of 
sphincter control interfered in the others. 
Catlieterization in these patients involved 
hazards that we believ'ed unwarranted to 
assume. 

All patients received regular insulin sub- 
cutaneousl)' in di\’ided doses, the total amount 
varying from 50 to 1,300 units. Each was 
given at least 2,000 ml. of isotonic sodium 
chloride solution by hj'podermoclysis but 
none received more than 3,000 ml. in the 
first 12 hours. The total amount of fluid 
administered during the second 12 hours 


varied between 1,000 and 3,000 ml. Nearly 
all patients received 16 gm. of sodium bicar- 
bonate in 2 gm. portions every 20 minutes 
by the oral route; others received 11.25 gm. of 
sodium bicarbonate dissolved in 500 ml. of 
distilled water by intravenous injection. When 
the blood sugar had decreased to appro.xi- 
mately 250 mg. per 100 ml., glucose was 
administered in 25 gm. portions by means 
of a Levine tube; the total dose depended 
upon the blood sugar level. Shock, if 
encountered, was treated by the adminis- 
tration of plasma, and occasionally, whole 
blood. 

Potassium chloride was administered 
parenterally when the serum potassium was 
low, either as an isotonic solution of potassium 
chloride (155 mEq. per liter) or an isotonic 
mi.\ture of equal parts of sodium chloride 



V\ouRb F0LV.0WIN& First Administratiom of Insulin 

Fig. 1. Serum potassium concentrations before and after insulin in 45 patients with 
diabetic acidosis. Before insulin treatment tlie serum potassium level was normal or elevated. 
In the period of 2 to 18 hours following tlie first administration of insulin tlie serum potassium 
concentration decreased to levels below normal and remained subnormal until potassium or 
food containing potassium was administered. Open circles refer to values obtained after 
potassium or a food containing potassium was administered. 

This information has been presented in part by Martin and Wertman^f. 
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and potassium chloride. Twelve patients 
received tlie former. This concentration is 
more concentrated tlian that suggested by Dar- 
rowi3 and Burnett and Burrows®. However, 
our e.xperience indicates tliat it was more 
effective in replenishing the potassium deficit, 
yet not dangerous to adminster if controlled 
by serial electrocardiograms. When potassium 
was given by hypodermoclysis to prevent a 
decrease in the serum potassium, a mixture 
of equal parts of potassium chloride and 
sodium chloride was used. 

Results. Concentration of the Scrum 
Potasshnn Before and After Therapy- 
Fig. 1 shows the serum potassium con- 
centrations before and after the insti- 
tution of insulin therapy together with 
the response of serum potassium to 
potassium administration. It will be 
noted that before insulin treatment the 
concentration of potassium in serum 
varied from 5 mEq./l to 9.3 mEq./l. 
In no instance was the serum potassium 


concentration below normal during this 
period of observation. The results in 
Table 2 indicate that the state of 
circulatory collapse in anoxia is not 
the main factor in the higher serum 
potassium values. 

Soon after insulin treatment was 
instituted, however, the serum potas- 
sium decreased to concentrations below 
tlie minimal normal. This fall occurred 
within 2 hours after tire first adminis- 
tration of insulin in some patients. 
More commonly, however, tire lowest 
level was reached later, between the 
3rd and ISfh hour. Some low values 
persisted into the 3rd day. The return 
to normal concentrations did not occur 
until potassium was administered or a 
food containing potassium was eaten. 
Fig. 1 shows also the rise in serum 
potassium accomplished by potassium 
infusion. 



% Decrease: in Blood Cilucosl/hr. 

Fig. 2. The decrease in blood glucose follorving insulin compared to tbe decrease in serum 
potassium, both e.vpressed as per cent decrease per hour. The rate of fall of the blood sugar 
appears to offer a rough inde.x of the rapidity with which tlie serum potassium decreases in 
these patients receiving active tlierapy for diabetic acidosis. 
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Correlation of the Insulin Effect and 
the Serum Potassium Concentration — 
Fig. 2 shows tlie relationship between 
the action of insulin and the serum 
potassium in patients undergoing treat- 
ment for diabetic acidosis. The 
decrease in the blood glucose per hour 
was taken as a measure of tlie insulin 
effect. A high degree of correlation 
was found between the decrease in the 
serum potassium and the decrease in 
tlie blood glucose, both expressed as 
per cent decrease per hour. Calculation 


factors, such as a greatly increased loss 
of potassium in the urine or continuous 
potassium administration, might modify 
the rapidity with which the serum 
potassium decreases without compar- 
able effects on the blood sugar. 

Serum Potassium and the Blood 
pH.— Fig. 3 shows the relationship of 
serum potassium and the blood pH in 
diabetic acidosis. Low pH is associ- 
ated with high concentration of serum 
potassium; as the pH rises, the concen- 
tration of potassium falls to values 



Fig. 3. The relationship of the serum potassium concentration to the blood pH before and 

during therapy for diabetic acidosis. 


of the coefficient of correlation shows a 
value of 0.90, which is highly signifi- 
cant. Thus, the rate of fall of the 
blood sugar in these patients provides 
a crude index of the rapidity with 
which the serum potassium decreases. 
Obviously no more than a general con- 
clusion can be derived concerning 
potassium from this chart. Further- 
more, in patients undergoing treat- 
ment for diabetic acidosis, other 


below normal. The coejBRcient of corre- 
lation is 0.82, which is highly signifi- 
cant. 

A negative correlation exists between 
the serum potassium level and the 
carbon dioxide combining power. The 
coefficient of correlation was minus 
0.54 (Fig. 4), a statistically significant 
value. 

No correlation was found between 
the serum potassium and the serum cal- 
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cium, carbon dioxide tension, serum 
total base, chloride, protein, blood urea 
nitrogen, or hemoglobin. 

Distribution of Potassium. More 
detailed infonnation concerning tlie 
influence of various factors aflFecting 
potassium exchange in diabetic acidosis 
is shown in Table 1, which summarizes 
the response of a patient during tlie 
24 hours following administration of 
insulin. This patient’s symptoms were 
moderate by comparison witli those of 
the others studied and to tliis extent he 


during this 3 hour period and it con- 
tained only 3.0 mEq. of potassium. 
Although the patient received no fluid 
during tlris period, the decrease in 
hemoglobin concentration suggests that 
Iris blood \'olume and extracellular 
volume had expanded by appro.xi- 
mately 1.5 liters due to transfer of 
water from the cellular phase. Approxi- 
mately 5 mEq. of potassium is ac- 
counted for by this decrease in con- 
centration of potassium in tlie extra- 
eellular fluid. Estimating the extra- 



Fig 4 Serum potassium concentration and carbon dioxide combining power of serum 
before and during tlierapy for diabetic acidosis 


is not typical of the group. He did, 
however, show a characteristic 
decrease in serum potassium concen- 
tration following insulin from a high 
normal of 5.4 mEq./l to 3.4 mEq./l, 
thiee hours later. At the same time the 
blood pH rose 0.07 while the serum 
sodium rose 10 mEq./l and tlie total 
base showed a comparable increase. 
The output of urine was only 200 ml. 


cellular fluid volume of die 55 kg. man 
at 8,500 to 10,500 depending on die 
degree of dehydration, the total amount 
of potassium in die extracellular fluid 
at 5.4 mEq./l concentration xvould be 
46 to 57 mEq. and at 3.5 mEq./l, 
29 to 36 mEq. Thus 17 to 21 mEq. of 
potassium disappeared from the extra- 
cellular fluid and of this only 8 mEq. 
can be accounted for in the urine and 
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expanded extracellular fluid volume. 
The remainder constituting tlie larger 
portion of die potassium that disap- 
peared thus must ha\^e entered the 
cells. Howe\'^er, if sodium chloride had 
been administered, a much larger 
increase in die urinar)'’ excretion of 
potassium might have been ex-pected 
and perhaps a more striking decrease 
in serum potassium would have occur- 
red. 

The transfer of sodium from the cells 
to the extracellular phase diat a]ipears 
to have occurred in this patient follow- 
ing insulin administration is note- 
v'ordi)’’, ranging from 295 to 335 mEq. 
Darrow has demonstrated a similar 
reciprocal relationship between sodium 
and potassium in several diseased 
states^^. 

Discussion. The changes in the 
potassium economy that occur in 
diabetic acidosis can be separated into 
2 phases. The prodromal stages are 
characterized by loss of potassium from 
the body while potassium intake is at 
die same dme likely to be negligible. 
Available evidence indicates that total 
body potassium is depleted. However, 
the potassium concentration in the 
serum is normal or elevated. Tlie 
second phase occurs after dierapy has 
been instituted. The total body 
potassium remains decreased, and the 
concentration in the serum falls below 
normal. 

Atchley, et al.^ found that potassium 
comprised a large proportion of the 
base lost in the urine during the 
development of diabetic acidosis. 
Equally important was their finding 
that a substantial loss of potassium in 
the urine occurred during the glu- 
cosuria and diuresis which preceded 
the actual acidosis. With the decline 
in the blood pH and the accompanying 
increase in urinar}'^ nitrogen excretion, 
the patients show an augmented loss of 
potassium in the urine. Tliese findings 
have been confirmed by Butier, ef aU 


Wiley, Wiley, and Waller'*-, and Elk- 
inton and Winkler*** also have demon- 
strated tliat increased urinary excre- 
tion of potassium occurs during dehy- 
dration, acidosis, and diuresis. Tarail 
and Elkinton®® have studied patients 
during periods of low potassium intake; 
their results indicate that under these 
conditions more potassium is lost in the 
urine tlian in the gastrointestinal fluid 
and furthermore, that potassium is not 
completely reabsorbed by tlie renal 
tubules during this period of maximum 
need for the ion. 

Vomiting commonly accompanies 
the onset of diabetic acidosis and 
increases die amount of potassium lost 
from the body. Austin and Gammon^, 
and Frenkel, Groen, and Willebrands*** 
have reported that gastric juice and 
vomitus contain a higher concentration 
of potassium than does blood senim; 
tliey found concentrations as high as 
10 to IS mEq, per liter in gastric 
juice as well as vomitus. 

Anorexia also is a characteristic find- 
ing in patients developing diabetic aci- 
dosis. A decreased intake of food would 
contribute to a negative balance of 
potassium. 

Serum Potassium Before Therapy- 
Martin and Wertman-** showed that 
the serum potassium level may be 
ele\*ated before therapy in the dia- 
betic patient in acidosis. The cause 
of a normal or elevated serum potassium 
concentration, which occurs at a time 
when tlie total body concentration of 
tliis cation is depleted, needs further 
study. Oliguric and anuric states are 
associated witli a high serum potassium 
in some patients with uremia^"’-®’^"’®^. 
Thus, in renal insufficiency, a common 
complication of diabetic acidosis, high 
serum potassium levels were present 
when the renal output of potassium was 
increased. 

Infants vdth diarrhea and severe 
dehydration show a normal or elevated 
serum potassium before therapy; Dar- 
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row states that the elevated serum acidosis. However, tlie patients \vith 
potassium in these patients bears some diabetic acidosis in our series showed 
relation to the state of anoxia and no relationship between the higher 
morbidity^'. A similar cause may be levels of serum potassium before 
present in some patients with diabetic therapy and the state of circulatory 
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collapse (Table 2). The relationship 
which has been found to exist between 
potassium and glucose in metabolism 
as pointed out by Fenn^"-^® is more 
convincing. Glycogenolysis, with release 
of glucose and potassium in the blood 
stream without subsequent glyco- 
genosis, must be considered as an 
important source of the high semm 
potassium values before therapy. 

Serum Potassium Following Therapy. 
Cardiovascular manifestations and 
skeletal muscle paralysis associated 
with hypokaliemia occur in a certain 
group of patients recei^ung therapy 
for diabetic acidosis’^®”®-^’^. Martin and 
Wertman®® reported that the serum 
potassium fell below normal 12 to 24 
hours after insulin therapy was begun 
in 6 of 14 patients being treated for 
diabetic acidosis. Our findings, how- 
ever, show that an abnormally low 
potassium concentration in the plasma 
occurred much more frequently. The 
serum potassium level decreased to less 
than the lower limit of normal, as early 
as 2 hours after insulin therapy was 
begun. Return to normal levels failed 
to occur until potassium chloride or 
potassium citrate was administered, or 
until food containing potassium was 
eaten. 

Importance of Potassium in Carbo- 
hydrate Metabolism. After large doses 
of insulin a decrease in the serum 
potassium concentration occurs in 
experimental animals, normal patients, 
and in diabetics’^’®^. Low serum 
potassium concentrations have been 
demonstrated during the course of 
hypoglycemic shock in diabetic and 
psychotic patients^®’^^'®^. We were able 
to find a significant correlation between 
the insulin effect (percentage of 
decrease in the blood glucose per 
hour) and the percentage of decrease 
in the serum potassium per hour in 
patients with diabetic acidosis. The 
fate of the potassium which leaves the 
serum is of importance, since, as 


previously discussed, a deficiency of 
total body potassium exists at this 
time. Elkinton, Winkler and Danow- 
skR® present evidence that potassium 
does not enter the cells from the extra- 
cellular position unless an exogenous 
supply of this cation is present. Atch- 
ley, et al.^ have shovm that the urinary 
volume, as well as the urinary excretion 
of potassium, is very low after insulin 
therapy is begun in diabetic acidosis. 
Fenn’s studies^® in the rat indicate that 
potassium is preferentially deposited in 
the liver during glycogen formation. 
Thus, if part of the endogenous 
potassium which disappeared from the 
serum during the insulin treatment of 
patients with diabetic acidosis was not 
lost in the urine, it may be assumed 
that it must ha\'e entered the cells as 
is illustrated in Table 1. Since the 
evidence indicates that part of the 
potassium tliat disappeared from the 
serum entered the cells at the same 
time glucose did, one logical suppo- 
sition is that the need for potassium 
brought about by restored metabolism 
of carbohydrate is responsible for the 
low values observed. Boyer, Lardy, and 
Phillips®^ (1942) showed that potas- 
sium is essential to the resynthesis 
of adenosinitriphosphate. Further evi- 
dence tliat metabolism of glucose cre- 
ates a demand for potassium is pro- 
vided by Aitken, et al.^ who reported 
that the serum level of this cation fell 
when 250 cc. of glucose were adminis- 
tered intravenously to normal subjects. 
Under conditions of greater stress and 
more marked depletion, a more marked 
response could be anticipated. Many 
investigators have observed the rapid 
decrease in the serum potassium level 
during the administration of glucose to 
patients with familial periodic paraly- 
si52o,36 must be emphasized at tlris 
point, however, that the extremely low 
levels of ^erum potassium found during 
treatment of diabetic acidosis patients 
do not occur in controlled diabetic and 
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normal patients given equally large 
dosages of insulin witli or without 
glucose. 

An expanding extracellular space 
during administration of fluids has 
been postulated as the cause for the 
lowering of the concentration of serum 
potassium in patients with diabetic 
acidosis-®. Undoubtedly, the omission 
of potassium from the fluids adminis- 
tered during the therapy plays some 
part in decreasing the serum potassium 
concentration. In patients receiving 
large amounts of fluids, followed by 
diuresis as occurred in the report by 
Holler®^, this factor undoubtedly played 


varies in different patients. All com- 
bine, however, to bring about acute 
depletion of intracellular and extra- 
cellular potassium that must be com- 
bated vigorously in the course of 
treatment. 

This deficiency may be aggravated 
in these patients by the acceleration of 
the fall in serum potassium associated 
with rising pH of the blood. Thus, the 
important matter of the advisability of 
administering sodium bicarbonate or 
lactate during the treatment of diabetic 
acidosis comes into question. The 
answer must await further investi- 
gation. 


TABLE 2. RELATIONSHIP OF THE SERUM POTASSIUM AND BLOOD PRESSURE 
TAKEN ON PATIENTS WITH DIABETIC ACIDOSIS BEFORE 
ANY THERAPY WAS BEGUN 


Highest Potassium Group 


Serum Potassium 
(mEq./I) 

9.3 

9.3 

9.2 

8.9 

8.6 

8.6 

8.6 

8.5 


Blood Pressure 
( Systolic/diastolic ) 

165/90 

150/60 

65/0 

100/70 

145/85 

145/70 

95/60 

100/50 


Hijrh Norm.il Pot.nssium Group 


Serum Pol.-issium 
(mEq./l) 


Blood Pressure 
( Sysfolic/diastolic ) 


5.6 

5.6 

5.6 

5.5 

5.5 
5.4 
5.2 
5.0 


40/20 

140/80 

40/20 

85/60 

110/70 

110/60 

90/60 

165/90 


The values were .selected fiom the Rroup with the hishcst potassium v.alues (8.5 mEq./l to 9.3 mEq./l) 
and compared to those with hiqh normals (5.0 mEq./l to 5.6 mEq./l). The blood pressures varied from 
shock levels to hj-pertensive in both groups. 


an important role in the production of 
hypokaliemia. However, the rapidit}' 
with which the potassium concen- 
tration decreased below normal, as 
well as our obsert'ation that the serum 
concentration fell in one patient to 
extremel}’’ low lei'els when no fluid 
was administered (Table 1), and in 
others after only 500 cc. of fluid had 
been given, indicates that this is not 
as important as the other factors 
mentioned. 

The relative importance of the 
sei'eral factors operating to lower 
potassium concentrations in diabetic 
acidosis, namely; loss in urine or 
vomitus, starvation, dilution and trans- 
fer to the cellular phase, probably 


Summary. 1. Alterations in die serum 
concentration of certain electrolytes 
were studied in 45 patients before and 
after therapy for diabetic acidosis. 

2. The concentration of the serum 
potassium ivas consistently found to 
be normal or elevated before treatment 
and decreased below normal during 
the 2 to IS hour period after insulin 
therapy was instituted. These sub- 
normal concentrations persisted until 
potassium or a food containing po- 
tassium was administered. 

3. A relationship was found to exist 
between the rate of decrease in the 
blood glucose concentration and the 
serum potassium level. 
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4. Alteration of the blood pH was 
closely associated with the change in 
the serum potassium concentration, the 
serum potassium varying inversely \\4th 
tlie blood pH. The serum potassium 
level was found to vary inversely with 
the cai'bon dioxide combining power. 

5. The relationships of these findings 
to the need for administration of 
potassium during die treatment of dia- 


betic patients in acidosis has been 
discussed. 
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Because of its action as an anti- 
coagulant, Dicumarol has assumed an 
important place in the treatment of 
thromboembolic disorders. One of its 
greatest fields of usefulness has been 
in cardiac diseases in tlie prevention of 
intracardiac thrombosis or embolism 
arising therefrom and peripheral deep 
vein thrombosis. The clinical condition 
of such patients may vary from very 
mild illness to a desperate state in 
which a considerable degree of con- 
gestive heart failure may occur. In a 
small number of such cases ivith right 
heart failure and systemic and hepatic 
congestion, we have observed an over- 
reaction to the usual doses of Dicum- 
arol, so that excessive and some- 
times dangerous degrees of hypo- 
protlirombinemia have been induced. 
The following study was therefore 
undertaken to ascertain the pattern of 
reaction to Dicumarol in such patients 
as compared with a simultaneously 
observed series of normal indiiuduals. 

Materials and Methods. Tliirty-six series 
of detenninations (see below) were carried 
out in 23 patients. Eighteen of these were in 
moderate to severe right-sided cardiac failure 
and 5 were in mild failure. Thirteen of the 
former were available for restudy after im- 
provement in the decompensation. An inters’al 
of 1 to 2 weeks elapsed before the testing 
was repeated. All patients were hospitalized 
and selected solely on the basis of having 
acute right-sided cardiac failure. Two were in 
the 3rd decade; the others were in the 5th, 
6th and .7th decades. Tliere were 16 males. 

(318) 


None had any clear-cut thromboembolic con- 
dition. The only consideration for rejection 
of a case in this series was the concomitant 
presence of organic renal or hepatic disease. 
Due to tlie congestion of the kidneys inci- 
dent to heart failure and its attendant pre- 
renal delation of fluid, impairment of kidney 
function may have been present in some of 
the cases, though in none was tliere any 
appreciable elevation of the blood urea. De- 
pending upon the severity of cardiac failure, 
they were classified as absent or mild and 
moderate or severe. Patients with moderate 
or severe failure were those irith markedly 
enlarged livers and ivith venous pressures 
over 15 cm. of blood, in whom rises in pres- 
sure usually occurred folloMang manual com- 
pression over the liver. Moderate to marked 
peripheral edema was gener.ally present. The 
only patients studied who were free of fail- 
ure (normal venous pressiue and absence of 
significant hepatomegaly) were those who 
had been tested preriously while more 
severely decompensated and who had im- 
proved on therapy. All patients had minimal 
to moderate chronic left-sided failure. In 
most, some degree of right-sided failure had 
been present for months, but during this pe- 
riod they were ambulatory. All of the patients, 
however, had recently been precipitated over 
a period of days or weeks into more severe 
right heart failure. A considerable number 
had recovered from previous episodes of 
cardiac decompensation. The maiority re- 
sponded rapidly to conventional cardiac ther- 
apy; in these, at tlie termination of the 
Dicumarol test period (see below), the fail- 
ure was considerably improved. The etiolog- 
ical and anatomical classification of the heart 
disease encompassed the common tj'pes. 
Cases of rheumatic heart disease with pre- 
dominant left-sided vahailar lesions, and cases 
of hrmertensive and arteriosclerotic heart 
disease \rith and without prerious myocardial 
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infarction, were included. Some patients liad 
ectopic rhytluns and most were afebrile. All 
were at strict bed rest under treatment wnth 
the usual medications and techniques includ- 
ing digitalis, mercurial and acidifying diure- 
tics, .vantliine derivatives and various seda- 
tives. The use of salicylates was interdicted 
prior to or during tlie testing. The usual low- 
sodium ward hospital diet was administered 
but because of serious illness some of the 
patients may not have eaten satisfactorily. 
This point was not followed in tlie investi- 
gation. The overall nutritional status of the 
patients was not optimal and was probably 
lower (as a result of their illness) tlian that 
of most ward hospital patients. Nevertheless, 
as mentioned, tliej' had recently been ambula- 
tory and were in no sense in a state of 
cardiac cache.Kia. 

In order to interpret accurately the hypo- 
protlurombinemic effect of Dicumarol in tire 
above group, we studied 48 control individ- 
uals who <nd not have any cardiac disease. 
Included were interns, nurses and orderlies 
of tlie hospital staff of average age less tlian 
tliat of tlie cardiacs and a group of patients 
convalescent from a variety of disorders not 
affecting tlie liver or the kidneys, in whom 
normal responses to Dicumarol could be anti- 
cipated. Bodi series, control and cardiac, were 
studied concurrently. 

All of tlie test cases were examined by one 
of us and followed daily while being studied. 
Immediately after obtaining the first blood 
specimen, each patient or control was given a 
single dose of 150 mg. of Dicumarol orally. 
On each of tlie succeeding 3 days an addi- 
tional specimen was drawn. Within 1 hour 
of the taking of tlie bloods, tliey were placed 
in a refrigerator where they remained until 
the prothrombin test was performed (usually 
4 to 6 hours). On each day tliat tests were 
done, 1 or 2 normal individuak, who had 
not received Dicumarol, submitted blood for 
prothrombin determinations, and in all in- 
stances the prothrombin times of the patients 
and controls were compared with the nor- 
mals. The response of each patient and con- 
trol to the standardized dose of Dicumarol, 
therefore, was determined by 4 prothrombin 
tests at daily intervals, 1 test before and 3 
after the drug had been given. 

Because of tlie use of a minimally effective 
dose of Dicumarol in this study, it was 
necessary to make the prothrombin tests with 
10% plasma. The Quick method as modified 
by Rosenfield and Tuft® was followed, using 
test plasma diluted with 9 parts of pro- 
thrombin-free plasma (BaS 04 ). Rabbit 
brain dehydrated wth acetone (Difco) was 
the source of thromboplastin. The average of 


3 such determinations on each specimen was 
taken as tlie protlirombin time. In addition, 
the protlirombin time of tlie undiluted plasma 
was also found. Even in cardiacs witli severe 
failure the prothrombin time of undiluted 
plasma was hardly affected by the adminis- 
tration of 150 nig. of Dicumarol. This was 
in marked contradistinction to the effect on 
the 10% plasma prothrombin time (see re- 
sults). All tlie tests were done by one of the 
authors. 

In tabulating the results, the prothrombin 
time of die 1 or 2 normals was taken as die 
base line for the tests of that day. With undi- 
luted plasma, this averaged 15 seconds and 
widi 10% plasma, 24 seconds. The determina- 
tions of the controls and patients were charted 
as die number of seconds above (-}-) or 
below ( — ) [almost always die former] this 
value. The 4 days’ testing in any instance was 
charted as a curve wliich represented the 
mmiber of seconds on each of these days 
diat die patient or control differed from its 
normal. 

The detailed analyses of the data were 
performed with die results of the 10% plasma 
tests. For the purposes of statistical analysis 
and to present Tlie results in compact form, 
the prothrombin curve of each cardiac patient 
and control was reduced to a single figure. 
This was derived by noting that test wliich, 
after the administration of Dicumarol, showed 
die maximal prolongation of the prothrombin 
time above the normal for that day. This 
was almost always die test performed 24 
hours after the drug had been taken. This 
figure was further modified to the number of 
seconds above the normal or die pre-Dicu- 
marol level for that patient; whichever was 
less. In some instances the number so ob- 
tained was the same as prior to modification 
( the patient’s pre- Dicumarol prothrombin 
time was the same as the normal) but in 
many it was reduced, especially in the car- 
diacs. This is explained by the fact that in a 
considerable number of the latter the initial 
prothrombin time was above normal. The 
overall effect of the correction was to lower 
the figure for prolongation of the prothrombin 
time in the cardiacs. 

Because of the procedure followed in per- 
forming a test of normal plasma and baling 
the results of multiple tesfe on each cardiac 
patient, it was not considered advisable to 
deduce the concentration of prothrombin 
from the prothrombin time on a dilution 
curve. That such a procedure would not have 
affected the results or conclusions was shown 
by the calculation that the mean minimal 
concentration of prothrombin after 150 mg. 
of Dicumarol was 95% in the normals, 79% 
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in tliose cardiac patients witli mild to absent 
failure, and 64% in those with moderate to 
severe failure. 

Results. Prolongation of the Pro- 
thrombin Time. Fig. 1 shows tlie 
maximal prolongation of the 10% 
plasma prothrombin time induced by a 
single dose of 150 mg. of Dicumarol 
in control individuals and Fig. 2 shows 
the effect of the same dose in the 
cardiac patients. 


Inspection of the bar diagrams 
reveals a greater prolongation of the 
protlirombin time in the cardiacs, but 
this applied only to those in moderate 
to severe right heart failure. Of the 
cardiacs in severe failure, 77% showed a 
prolongation of more tlian 6 seconds, 
whereas only 13% of tlie controls and 
11% of tlie cardiacs in mild failure 
showed such an effect. For the determi- 
nations summarized in Table 1, those 


16 



Fig. 1. M.i.\imal prolongation of 10% plasma protlirombin time after 150 mg. Dicumarol 

in controls. 
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Fio-. 2. Same as Fig. 1 in cardiac patients. 
Open^bars = ab.sent and mild right heart failure. 
Blacked bars = moderate and severe right heart failure. 
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cases in wliich the 10% plasma pro- 
thrombin times after Dicumarol were 
less tlian tlieir pre-Dicumarol figures 
(negative values in Fig. 1 and Fig. 2) 
were regarded as showing no etfect 
from Dicumarol. This simplification 
had relati\fely little influence upon the 
statistical constants and in the tests 
for significance. 

TABLE 1. STATISTICAL CONSTANTS 
OF THE PROLONGATION OF THE PRO- 
THROMBIN TIME. 

CARDIAC FAILURE 



Controls 

Mod. 
to Sev. 

Abs. 
to Mild 

Mean 

2.4 

9.7 

3.8 

Sttmdard Deviation 

3.1 

7.4 

3.5 

Standiird Error of 
tlie Mean 

0.4 

l.S 

O.S 


(tlie observed difference was 4 times 
the standard error); in all tlie cardiac 
failures tlie difference was of less sig- 
nificance (the observed difference was 
2 times the standard error); in tliose 
witli absent to mild failure the 
observed difference was not signifi- 
cant; the difference between the absent 
10 mild and moderate to se^'ere failures 
was 3 times die standard error and was 
significant. 

In addition to the examination of the 
maximal prolongations, other subsid- 
iary characteristics of die response 
to Dicumarol were noted: 

1. The prodirombin time of 10% 
plasma prior to the administration of 
Dicumarol was 2.4 seconds higher in 



Fig. 3. 10% plasma protlirombin time curv^es of 5 cardiacs in moderate to severe failure. 

150 mg. Dicumarol given on O day. 


The standard error of the difference 
between die means of die controls and 
die odier groups was 1.8 for the 
moderate to severe failures, 1.0 for 
die absent to mild failures, and 1.2 for 
all die cardiac failures. Hiis differ- 
ence in the case of die moderate to 
sei'^ere failures was highly significant 


die cardiacs dian in die controls. The 
time of onset of drug action could not 
be compared in die 2 groups because 
after 24 hours (2nd test) almost all 
controls or patients who were to show 
an effect from the Dicumarol, already 
exliibited a hj^oprodirombinemia. 
Examinations of the blood at shorter 
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intervals after the administration of the 
drug would be necessary for this 
determination. 

2. In assessing tlie intensity of action 
of Dicumarol, die duration of its hypo- 
protlirombinemic efFect was examined. 
In the controls, after the 2nd test 
tliere was a definite tendency for a 
rapid return of die prodirombin time 
to die initial level. In the cardiacs, 
especially those in more advanced 
decompensation, there was a more 
gradual fall, though at the time of the 
last test die curve had usually 
returned close to the initial value. 

Fig. 3 shows the prothrombin curves 
of 5 cardiacs in moderate to severe 
failure, and Fig. 4 those of 5 control 


administration of Dicumarol to cardiac 
patients . . . must be done with caution.” 
However, diey did not mention die pres- 
ence or absence of cardiac decompen- 
sation. Wishart and Chapman® treated 
a group of patients with congestive 
heart failure widi Dicumarol and noted 
that such patients required a smaller 
dose of Dicumarol than compensated 
patients. On the odier hand Anderson 
and HulF' treated 61 patients with 
Dicumarol, many of whom had moder- 
ate to severe congestive heart failure. 
The response to this drug was of die 
same order of magnitude as could have 
been expected in odier patients. While 
our determinations were carried out in 
a different manner from diose quoted. 



individuals. The more marked and 
prolonged effect of Dicumarol in die 
cardiacs is ewdent. 

Discussion. These findings indicate 
diat patients in moderate or severe 
right heart failure exhibit a greater 
hypoprotiirombinemic response to a 
standard dose of Dicumarol tiian do 
normal individuals. Preinous investi- 
gators have urged caution in die use of 
Dicumarol in such patients in order to 
ai'oid e.xcessive hjqioprothrombinemia. 
Codove and Vorzimer® treated 6 
patients uath heart disease and throm- 
boembolic complications with Dicum- 
arol and noted excessive reductions in 
the prothrombin. They stated “the 


diey are probably applicable to clinical 
practice and support die idea that 
smaller doses of Dicumarol should be 
used in die presence of heart failure 
than in its absence. 

There is a variance of opinion 
regarding die prodirombin level of 
patients in heart failure. We found that 
wddi undiluted plasma there was no 
difference betiveen controls and cardi- 
acs, whereas, testing with 10 % plasma, 
the prothrombin time of the cardiacs 
was 2.5 seconds greater. Cotlove and 
Vorzimer® found normal undiluted and 
12.5% plasma prothrombin times in 13 
patients with moderate or severe 
failure. Wishart and Chapman® report- 
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ed tlie average initial protlirombin con- 
centration to be 62% of normal in tlreir 
cardiacs, while Anderson and HulP 
showed tliat 23 of 142 cases of cardiac 
failure had a protln*ombin level much 
below normal; in 9 cases it was 30% 
or less of normal. Before Dicumarol 
is administered tlierapeutically to any 
patient, tlie protlirombin time shouW 
be determined. In the case of a patient 
in cardiac failure, a low level would 
be of great importance in the decision 
to use eitlier a smaller dose of Dicum- 
arol or anotlier form of therapy. 
Administration of Dicumarol to a 
patient with a markedly reduced con- 
centration of prothrombin is contra- 
indicated. 

Mdiile, in general, in our material 
tlie hypoprothrombinemia induced by 
Dicumarol was of much greater degree 
in severe as opposed to mild right 
heart failure, we could not satisfactorily 
correlate tlie magnitude of the response 
to die height of the venous pressui'e 
or die size of the liver within the 
group of severe failure. Others have 
assumed that both the initial hy]io- 
prothrombinemia and the excessive 
response to Dicumarol in these cases 
are due to impairment of liver function 
resulting from congestion. This is 
supported by previous observations of 
depressed liver function in congestive 
heart failure which were summarized 
by Lichtman'^ and the fact that hyper- 


reaction to Dicumarol has been report- 
ed in some cases of cirrhosis of the 
iiver'^. The fact that in our cases die 
decompensation improved rapidly with 
a concomitant lessening of the effect 
of the Dicumarol on retesting, elimi- 
nates die possibility that organic 
changes (cirrhosis) could have been 
responsible for the observed effects. In 
addition to functional impairment of 
the liver, it is also possible that tempo- 
rary derangement of renal function may 
play a role in this regard. That pre- 
renal deviation of fluids is a common 
occurrence in right heart failure has 
been known for a long time*. Adminis- 
tration of Dicumarol to animals with 
impaired kidney function results in 
extrem e hypoprothrombinemia-. 

Summaiy. 1. The hypoprothrom- 
binemic effect of a single dose of 150 
mg. of Dicumarol was determined in 
48 control subjects and in 36 patients 
with varying degrees of right-sided 
cardiac failure. 

2. Clinical and statistical analysis of 
the results showed an increased 
response in those cardiacs with moder- 
ate to severe failure. 

3. When Dicumarol is administered 
to patients in cardiac failure for the 
treatment of thromboembolic con- 
ditions. doses smaller than those recom- 
mended for the average patient should 
be administered. 
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In recent years tlie term “collagen 
diseases” has been introduced into 
medical terminology suggesting a 
relationship beLveen se\'eral condi- 
tions that had previously been re- 
garded as separate and unrelated 
disease entities. The association of 
these diseases has groum out of the 
belief b}' certain authors that the 
structural alterations are comparable, 
that the lesions inr^olve the same 
types of tissues, and that the etiology 
is related in each instance to the hyper- 
scnsiti\'it)' reaction. This paper is the 
result of an attempt to evaluate the 
merits of this association by a study of 
several cases of each type and a review 
of the pertinent literature. 

First, by a discussion of the embr)"- 
ologic derivations of the tissues 
affected, we shall attempt to establish 
( 32-t ) 


the concept that these are not diseases 
of “collagen” but of the entire 
mesenchymal defense unit. Second, we 
shall consider the e^'idence of a com- 
mon alteration of tlie physiology of 
this tissue unit on the basis of ab- 
normal serum globulin levels. Tliird, 
we shall consider the cause which 
provokes the defense unit to activity. 
Fourth, we shall discuss the possible 
factors which condition the response 
of the defense organ; and, finally, we 
shall compare the clinical and path- 
ological aspects of these diseases by a 
study of our own patients and of those 
reported in the literature. 

Concept of the Mesenchymal Deriv- 
atives as a Tissue Unit. It is assumed, 
if the term “collagen diseases” is to be 
taken literally, that the common 
denominator of these diseases is a 
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lesion, structural or functional, seated 
in collagen. But collagen”^ is related 
chemically to hyalin, a homogeneous 
matrix produced by the active cartilage 
cell and to osteoid, the product of the 
osteoblast. This chemical relationship 
does not surprise us since these 3 
cells, the fibroblast, the chondroblast, 
and the osteoblast, are all derivatives 
of the same stem, primitive mesen- 
chyme, and in their early stages are 
morphologically indistinguishable. In- 
deed, there is considerable evidence’'- 
to support the hypothesis that the 
young forms of these cells may under- 
go transitions, one into the other, 
depending upon their environment 
and tissue evocators. 

There is still another tissue type, 
again a mesenchymal derivative, which 
we believe plays an important role in 
tlie collagen diseases. This is the so- 
called reticulum or reticulo-endothelial 
s)'stem. By this term we mean that 
specific tissue substance of reticulated 
pattern that comprises a considerable 
part of lymph nodes, spleen and bone 
marrow and is represented in the liver 
in relatively large amounts by the 
Kuplfer cells. We believe that a con- 
sideration of this particular mesen- 
chymal derivative and its function is 
most essential to a discussion of the 
collagen diseases. 

Since, in the collagen diseases there 
are consistent and fundamental 
changes in a minimum of two and 
often more of the above derivatives 
of mesenchyme and not in collagen 
alone, it seems profitable to examine 
this grou]5 from a phylogenetic point 
of view. In early embryonal life the 
mesenchyme exists as a body of im- 
mensely protean potentialities giving 
rise to the supportive, binding, and 
padding tissues of the body. But as the 
organism matures the mesenchyme 
itself becomes of less and less impor- 
tance and its deri^'ati^'e cells, the 
fibroblast, chondroblast, reticulum. 


muscle, and other types of less impor- 
tance to this discussion, emerge and 
persist throughout postnatal life. Fig. 
1 is a simple diagram illustrating the 
relationship of these cells. 



Fig. 1. Relationship of Mesenchymal 
Derivatives. 


Concept of a Common Functional 
Alteration. One of the most important 
and primitive functions of the mesen- 
chyme is that of defense. As it recedes 
with maturation, it bequeatlis to its 
more differentiated offspring of cell 
types something of this same function. 
It is in the reticulum that we have a 
good example of a tissue adapted 
almost solely to this purpose. This 
defense function is achieved through 
both physical and chemical means. The 
lymph nodes are principally reticulum 
bodies strategically dispersed along 
lymph channels acting as mechanical 
filters for the particulate matter which 
might be injurious to the organism. 
The filtered matter is phagocytized by 
the littoral reticulum cells. This filter 
mechanism is probably one of the 
earliest of the reticulum functions. The 
reticulum also gives rise to motile 
histiocytes, monocytes, and granulo- 
cytes which may be dispatched to the 
scene of injury to actively phagocytize 
anv particulate offending agent. Still 
further and still more important the 
reticulum and (probably) its deriva- 
tives are responsible for the formation 
of circulating antibodies, the immune 
globulins, which play a defense role 
in some )'et imex-plained manner. 

The formation of globulin through 
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the action of the reticulum is not yet 
clearly understood. Globulin is appar- 
ently associated with the production 
of two cell types, each with densely 
cliromatinized nuclei and cytoplasm 
peculiar to the cell, the lymphocyte 
and the plasma cell. Ehrich-® and 
otliers'*^'®*’®-’^® have indicated their 
belief that antibody production, and 
therefore gamma globulin production, 
is intrinsically bound with lymphocyte 
formation; otliers'^’® believe that it is 
the plasma cell which plays the impor- 
tant role in this function®. It has been 
suggested in relation to the latter that 
the histiocyte may release certain prin- 
ciples of its cytoplasm as globulin and 
by this loss undergo a change in 
morphology becoming what we recog- 
nize as the plasma cell®®. There is some 
evidence to support this hypothesis. 
The infiltration of plasmocytes occurs 
in inflammation about the time the 
antibody titer rises. High antibody 
titers have been found in accumula- 
tions of plasma cells--. Is it possible 
that both plasma cells and lymphocytes 
are concerned in globulin production, 
each responsible for its ov\ti particular 
protein fraction? 

Since die fibroblast, chondroblast, 
and osteoblast are so closely related to 
the reticulum cell genetically, it seems 
reasonable to propose that they too 
inherit from the mesench^nnal stem a 
defense function as well as one of 
repair. This character is probably 
expressed in the cytoplasmic constitu- 
tion of the cell and, dierefore, might 
be termed fixed or tissue immune sub- 
stance in contradistinction to the cir- 
culating immune substance liberated 
by the reticulum and its derii'atives. 
Such reasoning suggests that some 
change takes place within the con- 
stituents of the cytoplasm of the 


mesenchymal derivative cells in re- 
sponse to an antigen. This substance 
might be considered analogous to die 
serum gamma globulin which is 
released by the reticulum. Assuming 
diat die altered cytoplasm may undergo 
a characteristic degenerative change 
in the presence of die antigen, we 
delineate the tissue pattern of the var- 
ious sensitivity responses on an 
embryologic basis. In support of this, 
Warren®^ found that labeled antigen in 
sensitized guinea pigs was found in 
the edematous peribronchial fibrous 
tissue in anaphylactic shock. 

Thus, it follows that we may regard 
die endre system, the mesenchymal 
derivatives, as a tissue unit designed 
as an organ of defense which for the 
purposes of this discussion we may call 
the “defense unit.” It is this defense 
unit upon which falls die whip of the 
noxious agents that cause die collagen 
diseases. XVe shall hereafter use this 
term to include the several tissues of 
varied morphology, indicating changes 
that include their function as well as 
their structure. We might diagram our 
defense unit and its components as in 
Fig. 2. 

Tlie Agents That Provoke Defense 
Organ Activity. The simplest example 



Antibody Antibody 

Fic. 2 . Concept of a defense unit and 
its components. 


• Forman, Eliricli and Drabkin have vciy recently presented evidence (“Nucleic Acids 
and the Production of Antibody bv Pl.asma Cells,” Fed, Proc., S, 483, 1949) that inclines 
them to support this concept. See also an abstract in the Proceedings of the March meeting of 
the Pliila. Physiol. Soc. (Am. J. Med. Sci., 217, 710, 1949.) Editoh. 



PATHOLOGY AND BACTERIOLOGY 


327 


of tliis defense mechanism is seen in 
tlie normal response of the body to an 
antigen, such as a foreign protein. An 
antibody is formed and released in the 
blood stream and as the antibody titer 
rises, the antigen level falls, presum- 
ably by some reaction resulting in 
antigen neutralization®^. If the organ- 
ism is subjected to further antigen 
contact in response to which tlie 
reticulum has already produced anti- 
body, a h}'persensitivity reaction may 
residt. Such hypersensitmty reactions 
may take several forms according to 
Rich®-, depending upon tlie route of 
entr)' of tlie antigen on first and subse- 
quent contacts, the amount of antigen, 
die degree to which different sensitiz- 
able tissues become sensitized in dif- 
ferent individuals or species, and the 
character of the sensitizing agent. 
Such reaction is commonly manifested 
by a lesion tliat embodies two separate 
processes. The first of these is a peculiar 
retrograde change which has been 
called fibrinoid degeneration. In its 
early stages it is distinct from other 
types of degeneration but if it proceeds 
to necrosis, it often loses its identity. 
When this process affects the walls 
of the capillaries, as it invariably does, 
it results in increased permeability. 
The second process manifested in 
these lesions is a proliferation of the 
reticulum derivatives. In the early 
stages it is usual to find proliferation 
of die endothelial lining cells and con- 
tiguous aggregations of histiocytes 
(macrophages)^®, plasma cells, and 
lymphocytes. In the older lesions these 
cells are replaced by neutrophils and 
eosinophilic leukocytes as one might 
expect in consequence of the necrosis. 
In some of the collagen diseases^^ the 
fibrinoid degeneration predominates, 
in others the more dramatic feature 
is the proliferation, but in all there is 
at least an element of both. 

We may regard the hypersensitiwty 
reaction, then, as an abnormal activity 


of the defense organ, characterized by 
a production of gamma globulin 
(antibodies) and alteration in the 
fixed mesenchymal tissue expressed in 
degeneration and proliferation. 

Concept of the Conditioning Factors. 
There are odier factors, however, that 
condition die reactions of the defense 
organ. These factors are so poorly 
understood that more than mere men- 
tion would be speculation. They may 
render the defense organ more or less 
\ailnerable to the antigen provocator 
or drey may cause a change in its 
products or its activity. One of diese 
factors we may designate by the term 
constitution. Thus, the response may 
"depend" hot only upon the stimulus 
but upon the individual and racial 
differences of the defense organ itself, 
“die stuff” out of which the mesen- 
chyme and its derivatives are made. 
The constitutional factors would in- 
clude not only die hereditary elements 
but also those concerned with environ- 
ment, nutrition, and so on, 

A second conditioning factor ap- 
pears to be intimately related to the 
hormone secretions. We may designate 
this asTfie endocrine factor. That there 
is an inverse relationship between 
adrenal cortical activity and the 
amount of lymphoid tissue is fairly 
definitely established^'^'^®''^®’'^®. The au- 
topsy pathologist is accustomed to find- 
ing large amounts of lymphoid and 
reticulum tissue in those conditions 
in which the adrenal cortex is hypo- 
genetic or atrophied. It has long been 
known that die adrenal cortex is essen- 
tial for the proper maintenance of die 
organism in the face of extremes of 
heat and cold, infections, and 
trauma®®’®'*'. The relationship between 
die adrenal cortical hormones and the 
production of die various globulin 
fractions of the plasma is not so clear. 
Some evidence suggests diat the latter 
is inversely proportional to adrenal 
cortical activity. We know that in 
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Addison’s disease witli complete adre- 
nal destruction or in adrenalectomy 
where there is a deficiency in all 
cortical hormones diere is a fairly con- 
stant rise in serum globulin^^-®-’^^. 
Conversely in Cushing’s syndrome in 
which there is an increase in at least 
die “S” hormone, die globulin falls’’®. 
However, the work of Mdiite and 
Dougherty®*’® may be cited to die con- 
trary for they produced a rise in 
specific antibody (gamma globulin) 
by die injection of adrenal cortical 
hormone or pituitary adrenocortico- 
trophic hormone in animals. Mann 
ef al.^^ obsen’ed no change in the 
serum proteins following the admin- 
istration of adrenocorticotrophic hor- 
mone to a normal subject. Forshani®®“ 
reported a drop in the gamma globulin 
fraction of the serum proteins in one 
patient to whom adrenocorticotrophic 
hormone was gii'en. Recently Hench 
and his associates**’*® have shown in 
a small series of patients with rheu- 
matoid arthritis and rheumatic fever 
that the elei’ated globulin returns to 
normal after administration of the 
Kendall Compound E. Since adrenal 
cortical secretion is stimulated by the 
pituitar)' adrenocorticotropliic hor- 
mone*’’*’, die pituitary, too, may play 
an important role in conditioning the 
defense organ. In addition, certain 
clinical aspects of the collagen diseases 
such as die se.v incidence of lupus and 
rheumatoid arthritis suggest a rela- 
tionship of the response of the defense 
organ to gonadal function. We have 
little knowledge whether it is an in- 
crease in secretions, a deficiency, or 
an imbalance, but we feel certain that 
these various hormones are important 
in conditioning the reaction of the 
defense unit. Experimental work is 
under wa\’ at present which we hope 
will illuminate some of the obscure 
corners of this aspect of the problem. 

.'\t present we may only InTiothesizc 
that the defense organ is provoked to 


accelerated activity (normal or ab- 
normal) by an antigen and that the 
nature of this activity is at least in 
part determined by die constitutional 
make-up of the organism and b}' 
hormone secretion. This complex reac- 
tion is illustrated in Fig. 3. 

Provocators 
(Antigen, etc.) 


1 



Antibody Antibody 

Fig. 3. Factors concerned in production of 
tlie defense reaction. 

A Comparison of die Clinical and 
Pathological Aspects of die Collagen 
Diseases. This brings us to a consider- 
ation of the collagen diseases. Usually 
included in this categor}^ are peri- 
arteritis nodosa, rheumatic fever, and 
disseminated lupus eiythematosus. We 
shall add seinm sickness because of 
the clinical and experimental eindence 
of its similarity to periarteritis. With 
perhaps less justification we shall also 
include rheumatoid arthritis for rea- 
sons which will be given below. ’iVe 
believe that tiiese 5 diseases have 
enough in common to warrant con- 
sideration as a group. ^Vith die excep- 
tion of serum sickness they are all 
diseases of unknown etiology and the 
element of hypersensitivity, or at least 
altered sensitii'ity, reappears with 
\'arying degrees of importance in the 
other four. Tliough symptomatically 
they appear to be quite different 
entities, the predominant s)mptoms 
are all based on lesions of the mesen- 
clnmal deri\nti\’es whether they are 
in fibrous tissue, bone, cartilage, or 
muscle. In all there are disturbances 
in the globulin fraction of the blood 
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protein and the motile cells (infiltrat- 
ing plasma cells and macrophages) of 
reticulum origin. In short, all of these 
conditions appear to be the result of a 
dysfunction and a degeneration and 
proliferation of the cells of what we 
have chosen to designate the defense 
unit. If the dissimilarities of these 
diseases can be explained on the basis 
of modifying influences upon this 
defense unit then the hypothesis that 
they belong to a group set apart from 
other diseases of mankind is sh'ength- 
ened. Such is the pui-pose of the follow- 
ing paragraphs. 

Serum Sickness. In serum sickness 
there is no doubt as to the involve- 
ment of the mesenchymal unit. ^Vhen 
the reaction is at its height there is 
generalized lymphadenopatliy, a palpa- 
ble spleen, swollen joints, and a high 
blood globulin^^'-®. The capillaries may 
be invoh'ed in permeability changes 
which manifest themselves as urticaria 
and albuminuria. In children there is 
at first a leucocytosis and later a leuko- 
penia®®; in adults, there is often no 
change in the blood picture except 
occasionally an eosinophilia'’-. The 
reaction is apparently purely and 
simply one of hypersensitivity. It fol- 
lows 7 to 14 days after the injection 
of a foreign protein antigen to which 
the individual has been ]Dreviously 
exposed and to which his mesenchymal 
defense unit has become sensitized. 
The disease is not fatal because the 
lesions are minimal and the reaction 
is of short duration (1 to 2 weeks). 
There is no snecific age or sex predilec- 
tion, although race may make a dif- 
ference; negroes and American Indians 
appear to be less susceptible than 
whites®“. There is a paucity of material 
concerning the histologic lesions of 
serum sickness in the human being 
for obvious reasons. Clark and 
Kaplan^® reported two autopsied cases 
dving of pneumonia. Clinical evidence 
of serum sickness was present conse- 


quent to serum tlierapy. They recorded 
cellular proliferation of tlie endothelial 
lining of the heart with subendothelial 
aggregations of histiocytes. There were 
perivascular foci of lymphocytic infil- 
tration in tlie heart, liver, kidneys and 
adrenals. There was only slight evi- 
dence of degeneration in the fonn of 
fibrinoid change of the mesenchymal 
tissues. Rich®® reported 5 cases of 
serum disease in which tissue was 
available for study. The findings for 
the most part were like those of the 
previous series except that fibrinoid 
degeneration was more conspicuous, 
resulting in lesions characteristic of 
those in early periarteritis nodosa. 

Serum sickness can be produced 
experimentally by tlie injection of a 
foreign protein®®. The lesions are not 
unlike those in human cases except 
that in addition Aschoff-like bodies 
and focal aggregations of monocvtes 
or histiocytes have been described. It 
appears, then, that serum sickness is 
a hyperergic state in which symptoms 
arise from damage to vascular 
endothelial cells, histiocyte and Ivmph- 
ocyte proliferation, mild fibrinoid 
degeneration with eosinophilic leuco- 
cyte infiltration and increased capillary 
permeability. 

Periarteritis nodosa. Periarteritis 
nodosa appears, in the light of present 
knowledge, to be an expression of a 
hypersensitive state. Although Rich®® 
and others®'^ have produced the lesion 
experimentallv by sensitization of 
animals with foreign protein, clinically 
the relation to an antigen is not always 
so obvious. The disease has been 
described as arising after antipneu- 
mococcal serum and after sulfonamide 
therapy®®. In more than 25% of the 
cases there is a history of a long- 
standing allerg\' such as astlima, hay 
fever, or hives®^. In 10 to 14% there is 
an eosinophilia®'*. There may be an 
enlargement of the l}Tnph nodes and 
suleen*®. There may be swollen joints. 
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There is usually a leucoc)1:osis and the 
serum globulin level oecasionally has 
been found to be elevated in patients 
that have been tested^®. As in serum 
sickness there appears to be no 
specific age group, no sex predom- 
inance, and so far as we know, no 
hereditary factor. Tlie tissue alterations 
that are responsible for tlie symptoms 
are characterized in an early stage of 
their development by fibrinoid degen- 
eration of the fibrous elements of tlie 
walls of arteries of small and inter- 
mediate size and a proliferation of tlie 
lining endotheliocytes. There are 
usually subendothelial and perivascular 
infiltrations of histiocj'tes, plasma cells 
and lymphocytes in varying numbers. 
Later the vessel wall undergoes 
necrosis and tliere is an infiltration 
with neutrophilic leucoc}'tes. It is in 
tin's last stage that tliese lesions are 
most often examined so that the usual 
concept is one of necrosis and exuda- 
tive reaction. If one compares the full 
blo\TO lesions Mutli those reported in 
serum sickness one might question 
the wisdom of considering these two 
diseases in the same category. How- 
ever, it should be noted that some 
of the well developed lesions in serum 
sickmess resemble those of early peri- 
arteritis, and the prenecrotic prolifer- 
ative changes in the latter are like 
those in serum disease. This suggests 
that the one is a continuation or e.xag- 
geration of the other. There is also 
experimental evidence to support this 
thesis^'*. In the same animal species, 
the same antigen may produce the 
lesions of serum disease or, by a 
Creater number of injections over a 
longer period of time, those of peri- 
arteritis. The clinical course of the two 
diseases supports this to a degree. 
Senim sickmess is of re1ati\'elv sudden 
onset, .short duration, and rarelv fatal. 
Periarteritis is more insidious in onset 
its duration is measured in months 
and its outcome is usual! v fatal. 


Rheumatic Fei’eb. Aldiough in 
rheumatic fever tliere is considerable 
evidence that an altered sensitivity 
plays an important role, there are 
unquestionably other factors, such as 
infection and constitution, concerned. 
Clinically the disease is manifested by 
swollen joints and cardiac dysfunction. 
Pericarditis, pleuritis, pneumonitis, and 
peritonitis, all representing disease of 
tlie mesenchymal unit may occur. 
Although the lymph nodes may present 
microscopic changes, they are rarely 
enlarged, or at least not palpably so 
excepting those of the mesenter}^ Nor 
is the spleen palpable. There is a rise 
in serum globulin®^'^®'®® and as in 
periarteritis there is often a leuco- 
cytosis. It is difficult to ignore the fact 
that attacks of rheumatic fever are 
often preceded by sore throat and that 
Swift'° has shovm die presence of 
padiologic amounts of antistreptolysin 
O in 90% of the cases. After inducing 
multiple successive focal group A 
streptococcal infections in rabbits, each 
caused by a serological type heterol- 
ogous to those previously employed, 
lesions dei'eloped in the myocardium 
which Murphy and Sirift'''’ believe 
show a remarkable similarity to the 
pathognomonic lesions in human rheu- 
matic fever. It is, therefore, assumed 
that it is the hemolytic streptococcus 
infection which is important in initiat- 
ing the lesion of rheumatic fever. 

The structural lesion of rheumatic 
fever is the Aschoff body. It is seen 
in its purest form in the interstitial 
tissues of the myocardium in relation 
to its arterioles but it may be found 
in a modified form in the subcutaneous 
rheumatic nodule, in the alveolar par- 
titions of the lungs, in arterial waffs 
and, indeed, in almost any of the 
mesenchymal tissues in\'olved®®-^®-”®. 
In its classic form it is not like the 
le-sions of periarteritis nodosa and 
serum sickness, yet in 2 cases of 
fulminant rheumatic fever we have 
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seen lesions in the small arteries tliat 
are quite like tliose of early peri- 
arteritis nodosa, including tlie presence 
of fibrinoid degeneration and mononu- 
clear cell infilti'ation. The work of Rich 
and Gregor}'*^^ stands as tlie best exper- 
imental evidence tliat the lesions of 
these two diseases are similar. They 
produced what tliey interpreted as 
Aschoff bodies in animals sensitized to 
a foreign protein. Hopps and Wissler^' 
and otliers have produced similar 
lesions. There are doubtless differences 
between tlie experimental lesions and 
those found in tlie human heart, but 
tliere has been an ever increasing 
tendency to accept tliese differences 
as reasonable variations in a type 
reaction despite tlie warnings of the 
purists. 

Occasionally, acute rheumatic fever 
and periarteritis nodosa in young chil- 
dren may be difficult to differentiate 
clinically. There are, however, certain 
important dissimilarities between rheu- 
matic fever and periarteritis nodosa 
and serum sickness. In rheumatic fever 
an age factor obtains, for tlie character 
of the disease changes as tlie patient 
matures®^. Wilson®® has stressed the 
fact that the susceptibility of the host 
is important and points out a strong 
hereditary tendency. Recently Hench®® 
and his associates have reported the 
rapid clinical improvement of three 
cases of rheumatic fever with lowering 
of high serum globulins after tlie 
administration of the adrenal cortical 
hormone ( Compound E ) . Thus we see 
that though rheumatic fever is a dis- 
ease of the mesenchymal defense unit 
and though hypersensitivity may be an 
important element, the initiating fac- 
tor of infection and the conditioning 
factors of age (endocrine ?) and con- 
stitution also play a part. 

Rheumatoid Arthritis. Rheumatoid 
arthritis is a generalized systemic dis- 
ease. the chief manifestation of which 
is painful swelling of tlie joints. In its 


chronic form there is asthenia®'^ and 
anemia-®. There is usually elevation of 
tlie serum globulin^^®. Unlike tlie dis- 
eases discussed above, rheumatoid ar- 
tliritis may present a leukopenia as tlie 
disease progresses®®. In a rare adult 
type (Felty’s syndrome) there may be 
an enlarged spleen and in die childhood 
manifestation (Still’s disease) general- 
ized lymphadenopadiy and splenic 
enlargement are prominent as well as 
an elevated serum globulin'^®. In this 
disease the factor of specific hyper- 
sensitivity is not clinically or experi- 
mentally obi'ious. The role of infection 
has not been definitely determined®'^, 
although Sclater®® reported that 12 to 
21% of his cases were initiated by 
some type of infection and that foci 
of infection were found in 38%. 

The symptoms are the result of 
degenerative and proliferative lesions 
in the fibrous tissue, hyaline cartilage, 
bone and periarticular muscle of die 
joints, all of which are mesenchymal 
derivatives. Indeed, careful examina- 
don will show changes in these ele- 
ments diat are characteristic, if not 
specific, in most of the organs'^. 
Steiner and Chason’'^® examined muscle 
biopsies from 27 cases of clinically 
typical rheumatoid ardiritis. In 26 
they found cellular aggregations of 
redculum derivatives which they feel 
are highly specific for the disease. In 
16 cases of lupus erythematosus they 
found similar though distinguishable 
muscle lesions in 6 and in 1, lesions 
which were identical mth those in 
rheumatoid arthritis. In surveying a 
limited amount of material (biopsy 
material from 10 cases) we have been 
impressed by the pure and classical 
picture of fibrinoid degeneration. This 
is especially time in the rheumatic 
nodule and in the dense fibrous struc- 
ture of the ioint capsule. In the 
synovial membranes and subchondral 
tissues the cellular reaction in our 
cases was predominantly plasmacytic. 
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One might reasonably ask why rheu- 
matoid artlrritis is included in tlie 
collagen group. The reasons are sum- 
marized as follows: it is a disease of 
unknovra etiolog)'; it is a disease of 
mesenchymal derivatives; in tlie early 
stages the histological changes are 
characterized by fibrinoid degeneration 
and proliferation of tire reticulum 
derivatives; there is an ele\’ation of 
serum globulin suggesting a reticulum 
dysfunction. Infection or h)'persensi- 
ti\'it)' to infection may play some 
precipitating role. 

In rheumatoid arthritis as seen in 
the young jiatient there are important 
clinical similarities to rheumatic fever 
that first manifests itself in the second 
decade or later. In young children the 
cardiac manifestations of rheumatic 
fever are the prominent features, tlie 
invoh’ement of joints being less prom- 
inent®’’. In adults the re\’erse is true 
and in tliis o\'erlapping age group the 
two diseases may be difiicult clinically 
to distinguish in the early stages’'*-"^. 
The rheumatoid nodule may be indis- 
tinguishable from the nodule of rheu- 
matic fe\’er; there is a high incidence 
of rheumatic heart disease in rheu- 
matoid arthritis®^’'’'-'‘’®k 

In this disease the endocrine factor 
becomes more manifest. As Pember- 
ton"’' has pointed out the asthenia, the 
Inpotension, the abnormal sensitivit)' 
to lieat, cold and e.vercise, and the 
elevation of the serum globulin suggest 
a hypofunction of the adrenal corte.x 
either primar}’ or secondaiy’ to hypo- 
function of the pituitary. There is also 
an association with ovarian function. 
In most series of cases there appears 
to be a predilection for females*’”-'*'. 
Remissions have been knowai to occur 
during pregnancy-' b Joint manifesta- 
tions may appear for the first time or 
may be exacerbated by the meno- 
pause”” or following castration-'b It 
must be admitted, }iowe\-er. that hor- 
monal therapy had yielded disappoint- 


ing results”'-’ until tlie work of Hench”-'’: 
14 cases of moderately severe rheu- 
matoid artlmitis impro\'ed rapidly with 
the administration of the adrenal 
cortical hoimone. Compound E; 2 
otliers responded equally well to tlie 
administration of die adrenocortico- 
trophic hormone of die pituitar)'. 
Rheumatoid artliritis is said to be 
familial by both Cecil® and Pember- 
ton-*'. 

To summarize, rheumatoid artliritis 
may be regarded as a systemic disease 
of tlie mesench)’mal derivatives in 
which altered sensitii’ity and infection 
play still undefined roles as precipitat- 
ing factors and in which the modifying 
factors of constitution and hormonal 
imbalance are probably concerned. 

Lupus Erythematosus. Finally we 
must consider disseminated lupus 
erythematosus. A study of our 9 cases, 
7 of them autopsied, shows them to be 
txqrical of those found in the liter- 
ature”-^-. The patients were all 
females ranging from 12 to 41 years. 
The majority had generalized lymph- 
adenopathy, a palpable spleen, and an 
enlarged liver. As clinical evidence of 
involvement of tlie mesenchymal 
deri\'ati\'es there were serous effusions 
and capillar}' changes. In more than 
half the patients there was localized 
edema of the face and all of them 
showed evidence of kidney dj'sfunc- 
tion which ranged from albuminuria to 
uremia. . There w'as electrocardio- 
graphic evidence of myocardial dam- 
age in 9 patients. Pain and swelling 
of the joints were noted in 6. Although 
the eyegrounds were nonnal in 6 cases 
early in the course of tlie disease, in 4 
edema and hemorrhage developed in 
the late stages. The typical skin lesion 
was present in all the cases at some 
time during the course of the disease 
and in most it invoh'ed other parts 
of the body as well as the face. 

Evidence for a physiological disturb- 
ance of the mesenchymal defense unit 
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is seen in the disturbances in serum 
protein or in reactions attributed to 
such changes. There was an elevation 
of tlie serum globulin in all 9 cases, 
bevere auto-agglutination occurred in 
2 patients and transfusion reactions 
tliat could not be attributed to mis- 
typing or to tlie Kh factors were seen 
in 3 cases. The Wassermann reaction 
changed from negative to positive dur- 
ing die course of die disease in 1 
patient and has been reported as 
nuctuadng in 11 of 33 patients studied 
by Coburn^-. In 4 of die 5 patients in 
whom a Congo red test was done it 
was positive. Teilum'" has found what 
he calls an atypical amyloidosis in a 
high proportion of his cases of lupus. 
He believes these “amyloid” deposits 
are made up of abnormal globulin. 
Others'® have reported a high inci- 
dence of amyloidosis in rheumatoid 
arthritis. 

It is of interest that whereas a 
leucocytosis is common in periarteritis 
nodosa, in the earlj^ stages of rheu- 
matic fever, and in rheumatoid arth- 
ritis, leukopenia, anemia, and thromb- 
ocytopenia are the rule in lupus 
erythematosus and in the late stages of 
rheumatoid arthritis. This might be 
due to a malfunction of the spleen, 
die ‘liypersplenism” of Dameshek^^. In 
4 of the 5 patients in whom the bone 
marrow was studied it was found to 
be normal or hyperplastic and there 
was, in these cases, no evidence of 
increased blood destruction so far as 
could be determined by fragility tests 
and serum bilirubin. 

The structural lesions of lupus 
erytirematosus have been adequately 
described by Libman and Sachs'*®, 
Baehr®, Klemperer"*®, and others. 
Essentially the lesion is one of 
fibrinoid degeneration of the mesen- 
chymal derivatives. Occasionally the 
reaction iir and about the small arteries 
may be accompanied by a proliferative 
reaction to produce a picture not 


unlike that of periarteritis nodosa. 
Changes in the lymph nodes have been 
described by Fox and Rosahn-® who 
believe them to be specific. We have 
only once found lymph node biopsy 
of great help diagnostically, but we 
have seen sections of a lymph node 
from a case of fulminant rheumatic 
fever that fitted weU with their descrip- 
tion. IVe believe that no padrologist 
would be willing to state that the 
cardiac lesions of lupus erytirematosus 
are ideirtical with tirose of rheumatic 
fever, yet there are certain common 
elements and within wide variations 
there is some overlapping. Concerning 
a comparison of the lesions of lupus 
and drose of rheumatoid artlrritis we 
believe there is too little recorded to 
warrant a conclusion. 

Because of a degree of similarity of 
tire lesions of lupus and those of the 
otlrer collagen diseases we should 
consider what evidence there is for 
the factor of altered sensitivity in tlris 
disease. In our cases tire following was 
found: in 1 case the disease flared up 
and the patient died within a montlr 
after tire administration of 1 mg. of 
gold, in a second the condition was 
exacerbated by gold therapy, and in a 
tirird, agranulocytosis developed dur- 
ing treatment with sulfadiazine. An- 
other patient had an eosinophilia as 
high as 12% for several weeks. Fatal 
or extreme reactions have been 
reported following the administration 
of tetanus antitoxiir-’* and tuberculo- 
protein"'*. Ayvazian and Badger- 
reported death from lupus erythem- 
atosus in 3 nurses following Dick toxin 
and tj^phoid vaccine. 

There is considerable evidence that 
infection may play a part in the 
development of tire disease. Six of our 
patients described an infection as the 
precipitating event. These infections 
included a cellulitis of the knee, 
phar)mgitis, pyogenic parotitis and an 
infected abortion. The factor of sul- 
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fonamide tlierapy wliicli in itself might 
produce hypersensiti\'it)' makes intec- 
tion hard to evaluate. In all of our 
cases minor but persistent infections 
were found early in the course of die 
disease: pharyngitis, sinusitis, mastoid- 
itis, abscessed teetli, colitis. The termi- 
nal infections, empyema and staphyl- 
ococcic septicaemia which were found 
at autopsy were probably tlie result of 
altered immunit)' and not important 
etiologically. 

Concerning die endocrine factor in 
lupus er}’diematosus die ew'dence is 
confusing but it is apparently related 
in some manner. Almost all die cases 
are females in die acti\'e se.\- period^'. 
Rose’^ reported a case in a male with 
an increased estrogen-androgen ratio. 
Coburn^- reported testicular atrophy 
in one case in a male. In 2 of our 
cases, the disease was initiated by a 
long period of amenorrhea and in 2 
it began in the postpartem period. 
There is also some evidence for h)'po- 
function of tlie adrenal cortex. All of 
our patients complained of severe 
weakness and asdienia. Ultimately tiiey 
became emaciated. It is known that 
the patient widi lupus er)’theniatosus 
reacts badl)' to extremes of heat and 
cold^b In 3 of our cases in which the 
blood chlorides were determined die}' 
were below' normal. Cobum*- re- 
ported a diffuse fibrosis of tiic cortex 
and lipid depletion in 3 of his cases. 
In 2 of our cases diere w'as a definite 
degeneration of the adrenal corte.x. 
.4t present we do not know' w'hether 
the adrenal cortical h}'pofunction, if 
there is a In'pofunction, is primar)' or 
secondary to pituitaiy dysfunction. 
Cobuni'- reported 1 case w'ith focal 
necrosis in the pituitar)'. Although 
there is veiy' little evidence in the 
literature to suggest a hereditar}' 
or constitutional factor, 1 patient had 
a brother with “rheumatism.” 

Lupus eiytlicmatosus, then, is a dis- 
ease of the mesench)'me and its deriva- 


tives. Altered sensitivit)' and infection 
appear to play some, as yet unde- 
termined, role in its etiology, and its 
character is probabl}' modified by 
hoimonal influences and perhaps by 
tlie constitutional make-up of the 
indiwdual. 

Discussion. ^Ve have presented the 
concept diat certain of tlie cells aris- 
ing from the primitive mesenchyme, 
including reticulum, and tlieir prod- 
ucts, globulin, collagen, and perhaps 
hyalin, osteoid, and muscle, play a 
role in die defensive as w'ell as the 
reparatii'e processes of tlie organism, 
■When tlieir responses are e.xcessive or 
abnomial, certain diseases may result. 
We have re\'iew'ed some of tlie know’n 
facts, some of tlie e,vperimental data 
and some of tlie tlieories of tlie mech- 
anism and etiolog}’ of serum sickness, 
periarteritis nodosa, rheumatic fever, 
rheumatoid artliritis, and disseminated 
lupus er)'tliematosus. The common 
factors of collagen degeneration, in- 
volvement of die blood vessels and die 
connective tissue of die heart, joints 
and other parts of the body, the pres- 
ence of a common serosal lesion and 
the features of lymphadenopadiy and 
splenic enlargement in addition to a 
rise in serum globulin suggest diat 
these diseases are all abnormal reac- 
tions of die abor'e mentioned mesen- 
clw'nial defense unit. It has seemed to 
us that diere are certain similarities 
betw'een one and anodier, but as we 
progress through die series diey show’ 
ei'er w'idening variations. To be more 
explicit, serum disease and periarteritis 
nodosa are veiy' much alike at one end 
of the series w'idi h}'persensitivit}’ 
playing a predominant rdle. At the 
other end rheumatoid arthritis and 
lupus erj'diematosus show' some strik- 
ing similarities but die factor of sensi- 
tii'ih' is not so evident. Here there 
appears to be an abnormal function 
of the defense unit which differs from 
that which is found in serum sickness 
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and periarteritis nodosa and in which 
hypersensitivity apparently plays a 
small role. In the middle of the series 
is rheumatic fever. In the fulminant 
type of rheumatic fever in young chil- 
dren, the disease bears a resemblance 
to tliose on tlie left, particularly peri- 
arteritis nodosa; in the attenuated t)^pe 
in adults it tends to simulate the dis- 
eases on the right, especially rheu- 
matoid arthritis. Regarded in the above 
order there are striking similarities of 
contiguous entities and sti-iking differ- 
ences behveen tlie diseases at either 
end of the series. 

Whereas excessive or abnormal 
defense unit activity may be die basic 
disturbance in aU diese collagen dis- 
eases diere are certain other modifying 
factors such as hormonal influence 
and constitution which also cause vari- 
ation in die clinical and morphological 
characteristics. We agree with Klemp- 
erer'*® that all diese similarities are not 
specific enough for us to make the 
sweeping s assumption that all the 
collagen diseases are simply a variety 
of manifestations of the same disease 
process widi a single etiology. There 
are doubtless other factors, still undis- 
closed, that will explain differences in 
these conditions. 

And lasdy, although we have con- 
sidered 5 entities under the heading 
of “collagen diseases,” we do not mean 
to define its limitations so precisely. 


Actually diere seems to be much evi- 
dence diat scleroderma and derma- 
toniyositis also belong in this category. 
Also there is much about die lesions 
of glomerulonephritis and malignant 
hypertension that suggests a relation- 
ship. 

Sumniaiy. We have suggested the 
idea diat the collagen diseases affect 
not only the fibrous connective tissue 
but all the derivatives of the primitive 
mesenchjmie: connective tissue, retic- 
ulum, cartilage, bone and muscle, ^^^e 
have proposed that the mesenchyme 
is a primitive organ of defense and 
it is not difficult for us to imagine a 
similar although less frank activity 
in its related tissue types. It follows 
that all of diese tissues might be in- 
jured if die defense mechanism (im- 
mune reaction) became altered. We 
see the evidence of diis abnormal 
antigen response in the reticulum and 
its product, globulin. The same 
abnormal response in related tissue 
types might conceivably produce the 
peculiar reactions, fibrinoid degenera- 
tion and reticulum derivative prolifer- 
ation, that characterize the lesions in 
fixed tissue. The variation in clinical 
and pathological expression of these 
diseases might be accounted for on 
the basis of modifying factors of which 
constitution and die endocrine hor- 
mones appear to be of importance. 
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The epidemiology of mumps^® was 
selected in 1940 as a subject for this 
series of reviews principally for t\vo 
reasons. In the first place a World 
War had just broken, with every indi- 
cation that the United States would 
soon be involved. To the military 
surgeon, mumps is no passing indis- 
position of benign course but ranks 
with many of the more formidable dis- 
eases because of its frequent appear- 
ance in epidemic proportions, because 
of the high non-effective rate among 
Army personnel brought about by the 
long indisposition, and because in 
young adults the associated manifesta- 
tions of epidemic parotitis lead to a 
clinical course considerably more seri- 
ous than when mumps is a disease of 
childhood. The second consideration 
was that the specific mumps virus had 
recently been demonstrated by John- 
son and Goodpasture"''®, bringing 
promise of notable additions to knowl- 
edge of etiology, biologic nature and 
the mode of origin of mumps. There 
was the additional suggestion of more 
( ) 


effective measures for clinical recog- 
nition, especially of the more unusual 
forms of mumps, of improved methods 
of medical management, and of better 
control of the disease as it effects 
groups of people. 

World War II has passed into his- 
torys so that it is now possible to 
appraise the behavior of mumps dur- 
ing tlie war years and to compare the 
e.xperience of modern armies with 
what happened in former times. The 
record is good. Equally satisfying is 
tlie progress that has been made dur- 
ing the past 10 years in what is known 
about mumps as a clinical and bio- 
logical entity. 

Knowledge of mumps has developed 
within 3 periods. The first was con- 
cerned chiefly with the study' of frank 
epidemics, and established both the 
communicability of the condition and 
its wide distribution. Hirsch’s'"'’’ col- 
lection of some 150 epidemics, occur- 
ring between 1714 and 1859, showed 
the disease to be prevalent from Ice- 
land to Egy'pt, and from Alaska to 
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Polynesia. Accumulated evidence from 
outbreaks in tlie first half of tire 19tli 
century demonstrated another epi- 
demiologic feature of mumps, its pre- 
dilection for prisons, orphanages, 
boarding schools, garrisons, and ships. 
The second general advance was con- 
cerned witli better definition of tlie 
clinical features of mumps, credit for 
which goes in large part to a brilliant 
line of French army surgeons. The 
tliird era was initiated widi the pro- 
duction of mumps experimentally and 
the recognition of the specific infec- 
tious agent. The reader is referred to 
the earlier review^^ for an account of 
epidemiological interests up to 1940. 
The present discussion is of the exten- 
sive developments since tlien. 

Laboratoiy Aids to Epidemiological 
Study. Epidemiology invariably profits 
from specific laboratory procedures. 
Knowledge of the vims is turned to 
use as an indicator of the people at 
risk and how tliey react. With more 
certain and regular diagnosis of the 
individual case, the principles and the 
generalizations on mass behavior be- 
come better defined, for they depend 
on the reliability of the basic data. The 
scope of modern field investigation is 
likewise greatly enlarged by incorpo- 
rating the simpler laboratory proce- 
dures into field studies, and by apply- 
ing methods of greater complexity in 
base laboratories to materials collected 
in the field. 

The fundamental contributions of 
Johnson and Goodpasture^^®’'^’° left no 
doubt of the viral nature of mumps, 
hut the technics for demonstration of 
the infectious agent and of immunity 
reaetions in the human host were 
scarcely such as to be readily applied 
either in clinical diagnosis, or in 
studies in the field. Recent vears have 
seen a variety of methods developed^'* 
by which the virus may be isolated 
from the lesions of the disease and by 
which the susceptibility or immunity 


of a person to mumps infection may 
be determined witli reasonable cer- 
tainty. A number have been brought 
to such perfection tliat they are now 
ineorporated in the ordinary activities 
of laboratories of state and other 
healtli departments. 

Complement Fixation Test. This was 
tire first serologic reaction to be 
adapted successfully to the study of 
mumps. Using infected parotid gland 
of the rhesns monkey®"'^ as antigen, 
Enders and Cohen-® in 1942 demon- 
sRated a specific mumps antibody to 
be regularly present in serums of 
man and monkey convalescent from 
mumps®^. In recent years the infected 
embryonated hen egg has come to 
be tlie more common source of anti- 
gen^^’^. The chick embryo infected 
witli mnmps virus also has been 
shown^®'' to contain 2 antigenically 
distinct components, separable by high 
speed centrifugation and differentiated 
by serum absorption technics. One is 
closely linked witli the virus and found 
predominantly in tlie allantoic and 
amniotic fluids; it is designated V-anti- 
gen. The other is tlie soluble S-antigen, 
mainly present in infected tissues, the 
amniotic and allantoic membranes. 
Human serums from mumps patients^® 
react in varying degree with S and V 
preparations, antibodies against the S 
substance appearing earlier tlian those 
for the V-antigen, but anti-V substance 
remains measurable for longer periods. 

Inhibition of Hemagglutination. Am- 
niotie fluid of mumps-infected chiek 
embryos was demonstrated by Levens 
and Enders®" to cause a specific hemag- 
glutination, of fowl red cells. The he- 
magglutinin is also present in the yolk 
sac^® and allantoie fluid^®'^. Some few 
other vimses®®, as well as undetermined 
factors within tlie egg itself^®’®®, also give 
rise to agglutination of erythrocytes, 
indistinguishable from that brought 
about by die fluid from embr}mnated 
eggs infected with the mumps virus. 
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The specific nature of the hemag- 
glutinin becomes apparent when its 
activity is inhibited by serum from 
patients or animals convalescent from 
mumps. This test for inhibition of 
hemagglutination, as recently modified 
by Robbins et al.^*, has practical value 
by reason of its simplicity®^. A series 
of comparative tests with the comple- 
ment fixation reaction show the two 
methods to be equally reliable. The 
previously noted non-specific reactions 
sometimes evidenced by serums of 
patients witli early mumps and tliose 
from normal persons®®, as well as other 
factors^®'’ are no longer a practical 
consideration witli the technique now 
used. 

Virus Neutralization Test. The pres- 
ence of virus neutralizing antibodies®®** 
in the serums of animals recovered 
from e.\perimental mumps infection 
was first demonstrated by inoculating 
test animals with serum-virus mixtures. 
Serums from patients convalescent 
from mumps also contain these anti- 
bodies, demonstrable either by test of 
serum-virus mixtures in the monkey®® 
or in eggs®'*’’. Although no clear cor- 
relation has been demonstrated be- 
tween the amount of neutralizing 
antibody and the complement fixing 
antibody in a serum, both are ordi- 
narily present®®**. 

Lejnnaster and Ward®®’’ have further 
de\'eloped the virus neutralization test 
in eggs by using hemagglutination as 
an indicator of virus multiplication. 
The method is similar to that com- 
monly used for influenza, except com- 
plement®®** is necessary', to be provided 
i)v addition, or through use of fresh 
sennn or serum frozen at low tempera- 
tures. The usefulness of the test in 
estimating mumps antibody' levels, and 
nresumptively for separating immune 
from non-immune persons, has not yet 
been established under field condi- 
tions. 

A^rjJutination of Human Red Cells 


by Mumps Immune Serums. Bumet’®’’ 
treated human red cells of Group O 
with amniotic fluid from tire mumps 
infected hen egg, removed the I'irus 
by elution, and obtained specific high 
titer agglutination of tlie cells with 
serums from patients convalescent 
from mumps. The demonstrated anti- 
body response paralleled that sho^vn 
by inhibition of hemagglutination tests, 
but the titers were higher. The vims 
itself or an antigenically active 
derivative was believed responsible 
for sensitizing the cells to tire aggluti- 
native action of antibodies. This 
method of determining and measuring 
antibodies has not had field trial in 
this country. 

Skin Sensitioity to Mumps Virus and 
Its Products. Heat inactivated parotid 
gland from the experimentally infected 
monkey®® and various tissues and 
fluids from the mumps infected 
embry'onated egg®®’’ ha\'e the capacity 
of inducing a mild, inflammatory, 
tuberculin-type reaction of the skin in 
persons pre\'iously infected with the 
virus of mumps. The test dose is 0.1 
ml., injected intracutaneously; and 
similarly for the control, material for 
which is from uninfected tissues of a 
corresponding source. An erythema 
with a mean diameter greater than 
10 mm. when observed at 48 hours is 
interpreted as a positive reaction, and 
indicative of an immunity to mumps 
providing the control test is negative. 
A varying degree of induration of the 
skin is usual. Non-specific reactions to 
the control material are uncommon. 
Experience has shown the test to be 
reliable within an error of 10?, using 
monkey materials under the condi- 
tions noted. Information about mate- 
rials prepared from the egg is less 
extensive and less definite. 

Isolation and Cidtivation of Mumps 
Virus. Although the experiments of 
Johnson and Goodpasture''®’’ had been 
repeated by at least 2 groups of inves- 
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tigators, one in England^^ and the 
odier in France’^'’^-'’’^ the demonstra- 
tion of tlie mumps ^m•us by means of 
the parotid gland of infected monkeys 
remained in 1940 little more than a 
rarely practiced experimental proce- 
dure. Since tlien its use has been 
greatly extended, and was the starting 
point in tlie studies by American-'’ and 
Australian'’® investigators which have 
so enlarged the knowledge of mumps. 
A mumps meningo-encephalitis was 
sho^vn to follow intracerebral injection 
of infected mumps material®®, with no 
associated parotitis®®. Swann and 
Mawson®® also produced parotitis in 
the monkey by inti'avenous injection of 
suitable materials. 

A distinct advance was made when 
HabpF^’’ and tlien Levens and 
Enders®'’^ successfully cultivated mon- 
key adapted mumps vhus in the de- 
veloping hen egg, thus providing a 
readily a^'ailable and inexpensive 
experimental animal. It was not long 
before Beveridge, Lind and Ander- 
son^® turned this method to direct 
isolation of mumps virus from tlie 
saliva of patients with mumps, Henle 
and McDougalP^ from cerebrospinal 
fluid of mumps meningo-encephalitis, 
and Kilham®®^ from the blood. Infected 
materials from man and experimental 
animals are readily propagated in the 
inoculated egg, when introduced into 
the yolk sac®', to the best advantage 
by the amniotic route®®® and also by 
allantoic’® and choreo-allantoic routes 
although definite lesions of the mem- 
brane are not produced®’’-®®. The injec- 
tion of polysaccharide prevents virus 
growth^®®. Egg adapted strains multi- 
ply actively in tissue cultures®® con- 
sisting of fragments of amniotic mem- 
brane of tlie chick, suspended in a 
mixture of ox serum ultra-filtrate and 
balanced salt solution, tliis being a far 
less complex medium than the chick 
embr)m. Under all circumstances, the 
identification of an isolated virus as 


mumps virus is accomplished by its 
specific reaction to tlie inhibition of 
hemagglutination and complement fix- 
ation tests. 

Serum Amylase in Mumps. An ele- 
vation of serum amylase levels’® is 
a regular accompaniment’-’®® of mumps 
infection, expressing a curve of excess 
values over noimal’®’ tliat tends to 
parallel the evolution and decline of 
, clinical parotitis’®, so tliat a well 
marked elevation is nearly always 
present in the first week, is less by the 
end of tlie second week and by tlie 
fourtli week serum amylase above nor- 
mal I'^alues exists for no more dian 
28% of patients. Lacking facilities for 
more precise determination of the 
activities of the mumps virus, this 
clinical-patliological test contributes to 
identification of obscure swellings 
about tlie jaw or instances where 
swelling has disappeared. 

The Nature of tlie Virus. Much otlier 
information has accumulated about the 
virus of mumps; less striking, to be 
sure, than that concerned witli its 
actiwties in tlie animal host, but poten- 
tially significant in a better under- 
standing of its biological nature, and 
in tlie development of methods for 
improved prevention and control. What 
follows pertains to egg adapted virus. 

Tlie mumps virus has a particle size, 
as determined by Enders®®’ of 90 to 
135m^, which is within tlie range of 
die influenza virus. The observations 
of Weil et a?.®®'*-’^ and of Habel'”’’, 
using different methods, suggest it to be 
about 190m/!i, or even larger. Aldiough 
infectivity of the virus is well retained 
by storage in the carbon dioxide ice 
box, it is lost within 4 days at room 
temperature®’. Formalin in concentra- 
tions of 0.2% destroys infective power 
within 24 hours at 4° C., as does 
treatment with 1.5 volumes of ether 
for 30 minutes at 4° C. and exposure 
to intense ultraw'olet radiation for 0.28 
seconds. Neither penicillin nor strep- 
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tomycin”', separately or combined, 
cause demonstrable inhibition of 
growth of mumps virus in citro or in 
vivo. 

Killiam, Jungherr and Luginbuhl^®’®^ 
have advanced a h)'potlresis tliat 
mumps virus and tlie virus of New- 
castle disease of poultr)' may be bio- 
logically related. One-half of a series 
of patients convalescent from mumps 
showed a rise of neutralizing anti- 
bodies against Newcastle virus, and a 
nearly equal number an increase of 
antihemagglutinins. The 2 viruses not 
only agglutinate hen er}i:hrocytes but 
KiUiam““‘’ has described a hemolysin 
associated witli Newcastle virus similar 
in properties to that described by Mor- 
gan, Enders and Wadley"^ for the 
mumps virus. This coincides witli the 
earlier suggestion of Burnet'^''* that 
mumps and certain other viruses are 
derived from a common ancestral 
form. 

No evidence has suggested tliat dif- 
ferent t)'pes''‘'' of mumps virus e.\ist, a 
matter of considerable importance in 
immunit}' and in control measures. 
Intracerebral inoculation of mice w’tli 
mumps virus interferes®® with prolif- 
eration of tlie virus of western equine 
encephalomyelitis. 

The material gains in the past 10 
years in knowledge of the infectious 
agent of mumps and in means for 
recoffnizimi and measuring its activi- 
ties in the human and experimental 
host, leaxe the clear implication that 
much has become knowm of better 
wa\'s for defining the clinical disease, 
for judging its mass effect on groups 
of people, and presumably for a better 
understanding of the value and limita- 
tions of commonly used measures for 
prevention and control. These several 
matters will be considered in order. 

Laboratory Methods in Clinical 
Diagnosis. Few of the communicable 
dise.ises present less difficulty in pre- 
cise recognition by clinical means than 


does mumps, providing it appears in 
the classical form of acute parotitis. 
The trouble lies in tlie frequency of 
otlier localizations. If the sole mani- 
festation is of the central nervous sys- 
tem, tlie involvement of a testicle or 
a pancreatitis, tlie suggestion of 
mumps often rests on evidence no 
more secure than a histor}" of exposure, 
which is none too reliable except in 
family outbreaks. When tliese unusual 
forms of mumps infection are associ- 
ated witli parotitis, the assumption of 
a single process is reasonably taken 
although not absolute. The neurologi- 
cal manifestations with concurrent 
infection of the central nervous system 
and a salivarj' gland may or may not 
be mumps. Latent or subclinical 
mumps is, by definition, below the 
level of clinical obsen'ation and not 
to be recognized by bedside methods; 
and yet, of all the forms of mumps, 
it is the commonest aside from classical 
parotitis. Only laboratoiy' procedure 
identifies this kind of mumps infection. 

The inhibition of hemagglutination 
test for mumps infection, as now modi- 
fied*^, answers most needs for a spe- 
cific diagnostic procedure. A four-fold 
or greater increase in antibody titer 
during the course of an acute infection 
marks it as of mumps origin. Two 
specimens of serum are necessarj' for 
the test, the first taken as soon as pos- 
sible after onset, for antibody tends to 
appear promptly, and a second sample 
obtained after 14 to 21 days. The dif- 
ference in antibody level between the 
2 specimens may be sufficiently great 
to make the diagnosis definite within 
a week; it is almost always so by the 
end of the second week, althougli 
instances occur where the response is 
delayed to the third week. Senim 
antibodies not uncommonly attain a 
high level before the need for the 
test becomes apparent, particularly in 
mumps infection unassociated with 
parotitis®® or in mumps meningo- 
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encephalitis subsequent to parotitis'^". 
A significant increase in titer cannot 
ordinarily be expected in such circum- 
stances; values well beyond observed 
maximal levels-'^ for normals or acute 
phase infection may be taken pre- 
sumptively as evidence of recent infec- 
tion, but always with reservations. 

The complement fixation test con- 
tinues to be much used as a diagnostic 
procedure, although supplanted more 
and more by the simpler antibemag- 
glutinin test. The virus neutralization 
test^i’-nL is less used than either of 
tliem. The skin test for hypersensitivity 
to mumps antigen, of chief use in 
immunity studies, can also serve as a 
diagnostic procedure for apparent or 
inapparent infection, where a known 
negative test is demonsti’ated to have 
changed to a positive reaction. A pre- 
ceding skin test discounts the useful- 
ness of complement fixation as a diag- 
nostic aid because it frequently calls 
forth specific antibody, or leads to its 
increase if already present’-. 

The satisfaction that comes from 
isolation of the infectious agent in con- 
firmation of a clinical diagnosis is not 
commonly experienced in mumps, be- 
cause of the associated technical dif- 
ficulties. Consequently, the attempt is 
ordinarily reserved for special situa- 
tions or a particular need. Indirect 
diagnostic aid may be provided by 
increased serum amylase levels. 

An improved knowledge of the 
nature of mumps, considering the dis- 
ease broadly and biologically, would 
expectedly follow application of these 
newer diagnostic procedures to the 
less well defined clinical manifesta- 
tions of the disease. The progress of 
the past 10 years will be examined. 

The Clinical Disease. Some com- 
municable diseases are so strictly lim- 
ited in their disease producing activi- 
ties that clinical behavior is completely 
predictable, such a disease being rabies 
in man. Others are of such protean 


nature as to warrant the characteriza- 
tion Erasmus Darwin gave scarlet 
fever, that it could simulate anything 
from a flea bite to the plague. 

Mumps has long been recognized as 
a good deal more than a simple dis- 
ease of the parotid glands. The biologic 
gradient of infection is characterized 
by varying severity, and a complexity 
that includes an associated or inde- 
pendent involvement of the otlier sali- 
vary glands, the gonads, the pancreas, 
the central nervous system especially, 
and a number of other structures 
including those of the special senses. 
A matter of epidemiologic concern is 
whether or not latent infection exists, 
that is to say, inapparent or subclinical 
infection below the level of clinical 
recognition. This bears pertinently on 
an understanding of the disease as a 
mass phenomenon, and on projected 
methods for prevention and control. 

Latent Mumps Infection. Practical 
experience in epidemics has suggested 
that latent infection is a factor in the 
spread of mumps virus'^ and our 
earlier review^® presented epidemi- 
ologic evidence in support of an 
hypodiesis that the incidence of sub- 
clinical infection is large. Additional 
infoiTnation continues to accumulate. 
Siegel and Camp®® saw an epidemic 
in a mental institution in 1940, and 4 
years later another, of 11 cases. Only 
children admitted after the first epi- 
demic were involved in the second. 
While the attack rate in 1940 was high, 
it was not sufficient to permit the 
assumption that all susceptibles had 
been exhausted by clinical attack. The 
better explanation was tlrat a number 
had been rendered immune through 
latent infection. That such latent im- 
munization occurs has now been 
clearly demonstrated. 

To establish the existence of latent 
infection in the human host, an 
acquired immunity must be demon- 
strated comparable to that which fol- 
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lows the usual form of the disease. 
Isolation and identification of the 
infectious agent greatly strengthens 
the proof. The method for demon- 
strating such an immunity was pro- 
vided by Enders and Cohen-'* in 1942 
with tlie complement fixation test. Posi- 
tiv'e reactions were soon observed'*® in 
the absence of clinical disease, bring- 
ing the direct suggestion of inapparent 
infection. This became more certain 
as increasing experience showed that 
a positive complement fixation test 
means previous infection"'*. With rare 
exceptions such latently infected per- 
sons were resistant to infection through 
natural exposure*®'’. Still better evi- 
dence came from obser\’ation of 
known negative reactors'* who were 
exposed to mumps, contracted no 
demonstrable disease and yet devel- 
oped complement fi.xing antibodies, 
clearly the result of latent infection. 
About all that could be asked by way 
of proof of latent infection was pro- 
duced by Henle ct a1/'° through ob- 
servations on 15 volunteers exposed to 
mumos vims. Seven became ill. 4 with 
classical parotitis, and 8 remained well. 
All IS showed similar antibody re- 
sponse, the sick indistinguishably from 
the well. Most significantly, mumps 
virus was isolated from 13 of the 15 
persons exposed, without excention 
from those ill, and from 6 of the 8 
well, with isolations from the well 
grouD corresponding in time to those 
for the clinicallv ill. The estimate of 
about one third of all mumps infec- 
tions being latent, as judged bv experi- 
mental results, is in close agreement 
with what was determined cpidemi- 
olorrically. 

Classical Parotifis. For a disease 
which has maintained such clinical 
uniformity since the davs of Hip- 
pocrates, it is unusual to find attention 
directed to an unemnhasized physical 
finding, that of presternal edema. Tin's 
clinical sign was noted by Hadin'® in 


tlie first World War but has not gained 
entrance to standard texts. An edema 
of the tissues of the anterior wall of 
the thorax®®, and sometimes of the 
abdomen", is an occasional feature of 
parotitis and occurs more particularly 
witli involvement of tire submaxillary 
glands. When present, presternal 
edema tends to appear promptly after 
mumps becomes manifest*'*’, and the 
cause®® would seem to rest in obstruc- 
tion of the lymphatics by the swollen 
salivary glands. 

The aid to diagnosis provided by 
serologic tests and isolation of virus 
from the saliva, is die principal ad- 
vance in ordinary mumps infection; 
the chief usefulness being the dif- 
ferentiation of ill-defined or atypical 
swellings in the region of the jaws. 

Mumps Meningo-encephalitis. The 
clinical*® and epidemiologic*® evidence 
in support of an involvement of the 
central nervous system in mumps has 
been fully substantiated by the newer 
laboratory procedures. Mumps virus 
was first isolated from cerebrospinal 
fluid through monkey inoculation by 
Swann and Mawson®® and through egg 
culture by Henle and McDougalP*. 
Serologic methods, as used by Kane 
and Enders®®, earlier provided a satis- 
factory method of recognition. Tlie 
practical result has been a better un- 
derstanding of a knotty clinical prob- 
lem. Mumps meningo-encephalitis in 
the absence of parotitis can now be 
determined with certainty. Of eoual 
importance, infections of the central 
nervous system, presumed to be of 
other nature, are now recognized as 
sometimes due to the mnmns virus. In 
the summer of 1948. 6 of 17 patients 
in Boston with a clinical diagnosis of 
non-naralytic poliomyelitis were found 
bv Kilham, Levens and Enders®® to 
have mumps mcningo-encenhalitis. The 
observed frequenev in this instance 
may be greater than usual, bv reason 
of a state-wide epidemic of mumps 
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during the preceding spring, but the 
circumstance would appear sufficiently 
common to warrant examination of 
questionable non-paralytic poliomyelitis 
by serologic metliods for mumps. 

As for the disease itself, it has been 
shovm to precede, accompany or fol- 
low parotid involvement^"*, and some- 
times to occur as die only clinical 
manifestation of mumps®-, to be 
included within the group of condi- 
tions termed aseptic meningitis^'^. It 
has a wide geographical distribu- 
tion-’*®-®®. 

The military experience of the recent 
war"* again provided information about 
the frequency of mumps meningo- 
encephalitis in young adult popula- 
tions. Of 100 consecutive admissions 
to hospital where lumbar puncture®"* 
was uniformly practiced, 33 patients 
had clinically determinable disease of 
the central nervous system although 
none were seriously ill. Ten others 
were judged to have subclinical infec- 
tion by the number of cells in die 
cerebrospinal fluid, and 14 additional 
patients were considered borderline. A 
second similar series of 77 patients re- 
ported by Brown, Kirkland, and Hein*^ 
included 9 with clinical meningo- 
encephalitis, all mildly ill except one, 
with 26 in all having 10 or more leuko- 
cytes in the spinal fluid. The selected 
age group of young adults, at least 
under military conditions, is evidendy 
susceptible to central nervous system 
involvement when invaded by mumps. 
A minor clinical reaction is characteris- 
tic, although some cases are severe. 
Latent mumps infection of the central 
nervous system is strongly suggested 
as being more frequent than generally 
appreciated. It is proved to exist by 
laboratory' means. 

The need of the moment is to de- 
termine quantitatively the range of 
clinical manifestations included within 
mumps meningo-encephalitis, and sec- 
ondly, die frequency of this disease in a 


general population. For example, there 
is indication that males®®'^ are affected 
five times as frequently as females. It 
becomes apparent that slightly in- 
creased numbers of cells in the cere- 
brospinal fluid and a demonstrated 
general mumps infection by comple- 
ment fixation or other serologic test 
does not suffice in recognition. The cell 
count is usually increased in frank 
cases of nervous involvement® but 
sometimes the cerebrospinal fluid may 
be virtually normal^®. Conversely ple- 
ocytosis may or may not be accom- 
panied by symptoms of meningeal irri- 
tation. 

The necropsy report of Donohue®® 
on mumps meningo-encephalitis is one 
of the few available. The basic lesion 
was a perivascular demyelinization 
similar to that seen in post-infectious 
encephalitides, and essentially like two 
others of 10 fatal cases widi autopsy, 
which were reviewed. The unsettled 
question is raised, whether the few 
fatal cases of mumps meningo- 
encephalitis represent extreme exam- 
ples of the same process so commonly 
an accompaniment of mumps, or have 
to do with a post-infectious demy- 
elinizing type of infection. Mumps 
virus has not yet been isolated from a 
fatal case of meningo-encephalitis, but 
the method is available to settle this 
problem. 

Orchitis. The experience of the sec- 
ond World War was in agreement with 
previous observations that mumps in 
the young adult under military con- 
ditions is frequently associated with a 
complicating orchitis, the reported in- 
cidence of 35% by Dermon and 
LeHew®® being not unusual. Hook, 
Poole, and Friedewald®® isolated 
mumps virus from the testicle of a 
Datient with orchitis. The histopatho- 
logical studv of acute mumps orchitis 
bv Gall®* is especiallv informative. 
Opportunity was taken to remove bits 
of testicular tissue at tire time of 



346 


TROGRESS OF JIEDICAL SCIEXCE 


orchiclotomy for relief of pressure, wath 
75 such cases studied at times ranging 
from tlie first to tlie fiftli day of dis- 
ease and additionally one case witli 
deatli on tlie eleventh day. Considera- 
ble variation was noted in the char- 
acter and extent of lesions, but it 
appeared that a developmental trend 
could be detected. The lesions varied 
from those of an early edema and a 
scant perivascular lymphocytic e.xudate 
to conditions corresponding to diffuse 
IjTiiphocytic infiltration of tlie inter- 
stitial tissues, witli focal hemorrhage 
and pronounced destruction of genni- 
nal epithelium, associated with plug- 
ging of tubules by epithelial debris, 
fibrin and polymoqihonuclear leuko- 
cytes. The intratubal lesion remained 
focal in most instances, but in a few 
ever}' tubule in a gii'en section was 
involved. Inflammation of testicular 
appendages and tlie epidid)Tnis was 
confined to connective tissue elements 
and with one exception was wholly 
lymphocytic. Epithelial elements of 
these stnictures were unaffected. 

OfJtcr Clinical Manifestations. Of 
principal interest because of added 
ei’idence that mumps is a generalized 
infection’-, are the data provided by 
Veghelyi”-' indicating that pancreatitis 
is not a rare component of mumps in- 
fection. The diagnosis becomes definite 
with modern laborator}' aids. A patient 
at the Peter Bent Brigham Hospital, 
Boston, had acute pancreatitis as 
judged by signs, symptoms and a 
senim amylase test, but no parotitis. 
Further investigation-*'^' showed the 
patient to have a rise of mumps com- 
plement fixing antibodies in convales- 
cence. 

Myocarditi.s"' ''” has been observed 
in a number of instances of mumps 
infection. Of 104 adult patients'’’’ with 
mumps, 157 gave evidence of myo- 
carditis, usualii’ from the fifth to the 
tenth day of illness, but mild and 
Iransiton’ and recognizable only by 


electrocardiographic methods. 

Immunit}'. That an attack of mumps 
usually confers a lifelong immunit}' 
rests on good clinical and epidemi- 
ologic e\’idence. Additional proof is 
had in the results of the e.xperimentally 
induced disease in animals-'^^, since 
attempts at reinfection are without re- 
sult. Occasionally, howe\’er, a firm, 
hard swelling is seen to follow within 
3 days after reinoculation of immune 
animals witli active x'irus. This is 
interpreted as a manifestation of 
hypersensitii'it}', because it appears 
more promptly than do the symptoms 
of infection, because of tlie difference 
in character of the swelling, and 
because of the shorter duration. The 
phenomenon suggests an e.vplanation 
of some of the reported instances of 
second attacks of mumjis in man. They 
are not wholly infrequent”. Many 
probabi}' rest on an unreliable liistoiy 
but not all, for sometimes both attacks 
hai’e been seen by the same observer-"'’. 
A common circumstance is an absence 
of secondar}' cases among contacts’’'”. 
The failure of Beveridge, Lind and 
Anderson’” to isolate virus at the time 
of the second event has been a con- 
sistant experience in our laboratoi}'. 
Through the interest of Dr. E. H. 
Place, 02 )portunity was afforded to 
examine a number of patients with 
parotitis, usually indistinguishable from 
mumps and with a history of prei'ions 
involvement of similar nature. One 
.such patient had 5 attacks of parotitis 
in the course of a year, sometimes 
unilateral and sometimes bilateral, each 
.subsiding in about a week. Thus far no 
presumed second attack of mtimjis has 
been substantiated either by vims 
isolation or serologic test. 

Field trial’’-’ has confirmed the .skin 
test originated by Enders"'”’ and the 
neutralization test of Ilabel”’’ as re- 
liable means for determining the index 
of .susceptibility of populations. Gcn- 
erallv, the skin test is a more .sensitive 
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indicator of past infection tlian the 
complement fixation reaction, and the 
most practicable as a field method-®^. 
Judged by this test and the history of 
previous clinical mumps, about one 
third of all demonstrated mumps in- 
fections are latent in nature. 

More direct evidence of latent infec- 
tion and immunity is provided by a 
series of 78 persons intimately exposed 
to mumps'^. All had a negative com- 
plement fixation test and none devel- 
oped the disease, and yet 31% reacted 
positively when tested one month 
later, a clear indication of latent infec- 
tion. The validity of the evidence de- 
pends, of course, on the complement 
fixation test being a reliable indicator 
of immunity. That has been fully 
proven'^^ and repeatedly confirmed^®*’. 
Of 163 persons with a positive reaction, 
only one developed mumps after known 
exposure. Of 285 with a negative test, 
56 contracted the disease. It is evident 
that not all persons vdth a negative 
immunity test will develop clinical 
mumps when exposed. In the first 
place, a goodly proportion will exper- 
ience latent infections. Effective pro- 
tective antibody may be present when 
complement fixing antibodies are ab- 
sent or below a measurable level. That 
many persons are exposed a number 
of times before developing the disease 
is evidence that close contact and a 
goodly dose of the agent are necessary 
for infection. 

The mechanism of immunity in 
mumps is not wholly defined. It is 
rather clearly associated with the pro- 
duction of specific immune bodies; but 
the complement fixing antibody is not 
to be inferred as the essential factor, 
although a good index of immunity. 
Neutralizing antibodies can usually be 
demonstrated when the complement 
fixation test is positive, but the titers 
of the two do not necessarily parallel 
each other. 

Patliogenesis of Mumps. Using a 


variety of evidence, epidemiologic, 
clinical, immunologic and experi- 
mental, an hypothesis'*^ was stated in 
1940 in explanation of the pathogenesis 
of mumps. It would appear that the 
portal of entry is by the nose and 
mouth, with lodgement of the mumps 
virus on the mucosal surfaces. An 
appreciable weight of evidence indi- 
cates mumps to be a general infection, 
probably of the blood stream, and not 
a strictly local disease. In the localiza- 
tions that follow the general infec- 
tion, the virus manifests a special 
predilection for glandular structures of 
which the parotid is most often the 
first affected. With multiple structures 
involved, swelling of the parotid 
usually precedes all others, but some- 
times this sequence is disturbed with 
sti'iking effect on the timing of the 
disease, so that the testes, the central 
nervous system or tlie pancreas may 
be first invaded. 

Alternative explanations**^ tliat 
mumps is a , strictly local disease with 
occasional complications, or that it is 
a primary disease of the central 
nervous system with secondary local- 
ization in the salivary glands or other 
structures, were deemed less likely as 
representing the usual course of 
mumps infection. The second explana- 
tion, originally advanced by Philibert'® 
is not disposed of as easily as the first, 
despite its having received little sup- 
port from the newer facts about 
mumps. Kilham®'*'^ was unable to dem- 
onstrate virus in spinal fluids of pa- 
tients with parotitis and no symptoms 
referable to the central nervous sys- 
tem, using methods which were uni- 
formly successful widi clinically de- 
fined mumps meningo-encephalitis. 
Furtlier work is justified. 

Additional evidence has accumulated 
during the 10 year period under con- 
sideration to support the h}q)othesis 
first given, that mumps is a general 
infection, probably blood borne, wth 
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subsequent selective secondary local- 
ization. Mumps \’irus has been isolated 
from the cerebrospinal fluid of men- 
in go-encephalitis \vitli sufficient fre- 
quency®”'^ to establish a direct rela- 
tionship between tliis condition and 
parotitis. The postulated blood inva- 
sion has been confirmed by isolation 
of tlie virus from the blood in early 
mumps*’®®, although more information 
is needed about the frequency witli 
which tliat occurs, and whetlrer it is a 
regular event or an occasional spilling 
over into the blood stream in the 
course of a heavy infection or a pecu- 
liar localization. Virus has been found 
in the infected testicle®”' and tlie pres- 
ence of antibody in hydrocele fluid has 
been demonstrated by complement fixa- 
tion techniques-®®. The reported clinical 
recognition of mumps myocarditis and 
the estimated frequency of pancreatitis 
contribute evidence marking the dis- 
ease mumps as a general infection. The 
solid immunity is strongly suggestive 
of blood stream invasiop, for that is 
the usual event in diseases followed 
by permanent protection. 

Tlie short incubation period in 
monkey and in man, about eight days, 
when mumps virus is introduced di- 
rectly into Stenson’s duct, compared 
with 18 da\’'S when it is deposited on 
the mucus membranes of the upper 
respiratory tract, strongly suggests the 
latter to be the natural course of 
invasion. 

Based on comparative studies of 
mumps virus, the influenza vims and 
the virus of Newca.stlc disease, and a 
demonstration of common properties. 
Burnet’'® reasons that like the other 
agents, mumps virus multiplies in the 
superficial and epithelial cells of the 
re.spiraton.’ tract or conjunctivae and 
causes initially a .snbclinica! infection. 
This priman.’ im asion produces enough 
vims to enter the blood and localize 
in the parotid or other organs. Tlie 
parotid and other salivars- glands are 


thus looked upon as stmctures tlirough 
which mumps virus is eliminated, 
rather dian tliose by which it gains 
entrance. 

Enders-®'^ tliinks of the inflamma- 
tion and swelling of the parotid gland 
and of otlier organs in mumps infec- 
tions, as the result of union of antigen 
and antibodies within tlie tissues. 
There is evidence to support such an 
hypotliesis. Mumps antibodies are fre- 
quently demonstrable close to onset 
of the disease. This is not surprising, 
considering the incubation period 
averages 18 days. Furthermore, 
monkeys inoculated witli mumps vims 
by way of Stenson’s duct may have 
a considerable amount of virus pres- 
ent in the parotid gland 4 to 5 days 
later as evidenced by titers of com- 
plement fixing antigen. Swelling, how- 
ever, is not generally present until 
a few days after that, when antibodies 
may be demonstrated for the first time. 
The reaction of the immune animal 
to reinjection is further evidence. 

Spread of tlie Vims. Because of the 
advantage of looking upon communica- 
ble disease as an Geologic phenome- 
non’’-, the present discussion was initi- 
ated vlth the characteristics of the 
mumps virus and of the immunit)' reac- 
tions in the human host. The first requi- 
site is to know the two components of 
the host-parasite relation and how that 
relationship e.vpresses itself in terms 
of disease. It remains to e.vamine the 
effect of environment; more particu- 
larly, the means by which agent and 
host are brought into contact and the 
results tint follow, as illustrated by 
the ma.ss behavior of mumps in com- 
munities of people. 

Period of Commutiicabiliitj. Other 
than the innate characteristics of host 
and agent, which is the primar)' con- 
sideration. the frequenev of a com- 
muii’cable disease is determined by the 
numbers and kinds of rescrs'oirs of 
infection, bv the time they remain 
active, and by the efficiency and vari- 
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ety of modes of transmission. Based 
on epidemiological evidence, the period 
of communicability of mumps has 
been judged to be 48 hours before 
appearance of tire disease as a swell- 
ing of the salivary glands and until 
tliat swelling has subsided. The ability 
to isolate tlie \’irus by simple technical 
procedures has contributed more pre- 
cise information. 

Experimentally induced infection in 
children'’® shows the vims to be pres- 
ent in the saliva as early as 6 days 
before clinical mumps and commonly 
by the second day. In the course of 
the same observations Henle and co- 
workers-'® demonsbrated the agent for 
as long as tlie fourth day of active 
disease, with Le)'master and Ward®®“ 
reporting successful isolation on tlie 
sixtli day, and Kilham in a single 
instance on the nintli day. The period 
of communicability tlius appears to 
be about 10 days, starting regularly 
before mumps can be recognized 
clinically and ending shortly after tlie 
appearance of swelling. Daily tests of 
saliva by Kilham showed tlie virus to 
be excreted continuously until it fin- 
ally disappeared, rather than inter- 
mittently as other^^^se suggested®®. 

Comparing epidemiologic experi- 
ence ivith the results of virus isolation, 
the limit of 6 days before parotid 
swelling would appear a definite 
maximum. The accepted practice of 
considering communicability to have 
ceased with the subsidence of swelling 
should fit most situations, although 
epidemiologic evidence®® suggests that 
the upper limit of 9 days as deter- 
mined by virus isolation may occa- 
sionally be exceeded. 

Reservoirs of Infection. Reservoirs of 
infection in mumps are limited to 
human beings. Epidemiologic meth- 
ods have served to establish only the 
classical case of mumos as a certain 
source of infection, altliough ati’pical 
and latent infections have been strong- 


ly suspected. Laboratory proof now 
shows tliat persons with latent infec- 
tion also excrete die vii'us in the saliva 
over considerable periods and are cap- 
able of spreading the disease®®. Those 
instances of mumps infection wdi 
manifestations limited to the central 
nervous system likewise show virus in 
the saliva®®'^ and more particularly 
patients are known to have transmitted 
classical mumps to contacts-'*®®. 

The conclusion to be dra\vn is that 
the actual community dosage, as 
judged by the number of reservoirs of 
infection, is greater by perhaps one 
third tlian indicated by tlie existing 
prevalence of ordinary parotitis as 
determined by survey sampling; and 
measurably greater than an estimate 
based on ofiBcially reported cases of 
salivary gland enlargement. The effi- 
ciency of reporting under good condi- 
tions lies between 10% and 20% of 
actual cases, and rarely exceeds 40% 
except in militarv practice, being 
somewhat better in epidemic than 
endemic times. 

Mode of Transmission. Tlie usual 
method of transmission is by direct 
contact and probably by droplet infec- 
tion, with perhaps occasional instances 
where mumps results from early con- 
tact with an article recently contam- 
inated with the saliva of a patient-®. 
Normal monkeys in contact with in- 
fected animals are known to have 
developed resistance-®*®, presumably as 
a result of subclinical infection. 

Clinically, there are no symptoms in 
mumps such as coughing or sneezing 
which would induce any large amount 
of droplet nuclei formation. Under 
most circumstances mumps is, there- 
fore, not a true airborne disease'®^®. 
When it occurs at tlie same time as 
unper respiratory infections, Stally- 
brass®® finds the disease to spread 
more rapidly and more widely than 
ordinarily, because of the increased 
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droplet formation due to concomitant 
sneezing and coughing. 

Endcmicity anci Epidemicity. The 
problems in the epidemiolog)' of 
mumps that most commonly attract 
attention, and therefore gain entrance 
to the medical literature, are tliose of 
militar)' groups, of schools and other 
institutions where appreciable num- 
bers of susceptibles have a common 
exposure. Mumps in urban civilian 
populations is a firmly established 
endemic disease, conforming to the 


Civilian. Outbreaks of mumps under 
normal conditions are rarely explosive, 
ordinarily extend over a whole season 
and sometimes are still further pro- 
longed. For example, the last Massa- 
chusetts epidemic started in the 
autumn of 1947, continued strongly 
active in 1948 and in the spring of 
1949 was still well over normal inci- 
dence. The Illinois experience was 
similar. Judged by the average inci- 
dence for the 34 years of 1915-1948 
that mumps has been reportable in 



genera! laws governing other infec- 
tions peculiar to childhood'*, A cyclic 
distribution is characteristic, with epi- 
demics about ever}’ 7 or S years; 
Illinois''*, for example, basing reported 
outbreaks in 1911 and again in 1948. 

similar behavior has held in Massa- 
chusetts-'' until recent years when 
three closely spaced outbreaks oc- 
lurred in 19 12. 1915 and 19 IS. a matter 
that calls for interpretation on the 
basis of altered environmental condi- 
tions. 


Massachusetts, the rates in epidemic 
years ( 1948, 361 per 100,000 popula- 
tion) are e.ssentially txvice the aver- 
age, and some three times those of 
the usual endemic year. Although 
absolute values are lower in Illinois, 
the ratio holds. 

Tlie cour.se of the 1948 Massa- 
chusetts outbreak illustrates a number 
of epidemiologic characteristics. The 
main force of the epidemic was in 
1918 and princinallv in Boston and 
adjoining industrial centers of popula- 
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tion. The start in 1947, was in the 
rural Berkshhe distinct of westernmost 
Massachusetts and in tlie south cen- 
tral part of the state (Figure 1). The 
spread was east and north to tlie 
heavily populated cities of the Atlantic 
coastline, to produce tliere a well- 
marked epidemic in 1948 and a prac- 
tical exliaustion of susceptibles that 
year. Transmission of infection was 
slower in rural areas and in suburban 
disbricts so tliat waves were noted 
frequently in 1949 as well as in 1948. 
Conforming to die same behavior pat- 
tern, mumps did not invade the 
sparsely populated eastern Cape Cod 
region until late summer and autumn 
of 1948, its appearance dien being 
facilitated in all probability by the 
thousands of summer visitors who 
enter the area as temporary residents. 
The main outbreak on Cape Cod was 
in 1949, a time when mumps was not 
generally a state problem. The epi- 
demic spared no part of Massachusetts. 

The extent to which a mumps epi- 
demic may develop is just as unpre- 
dictable as trying to determine the 
chances of an individual to have a 
clinical attack. Siegel and Camp®® 
describe an institutional outbreak 
where a newly admitted child spent 
24 hours in one cottage and then was 
transferred to anodier, to develop 
parotitis after a second 24 hours. A 
sharp outbreak of mumps occurred in 
the first cottage, and no cases in die 
second during the subsequent incuba- 
tion. That mumps is highly infectious 
before parotitis is well laiown. The 
outbreak in the first cottage was there- 
fore not unexpected, but die absence 
of cases where the clinical case oc- 
curred is more difficult to understand. 
The experience of Smitli"'^® at Rugby 
School in England is informative. Out- 
breaks over die 50 year period 1893 
to 1942 ranged in extent from a single 
case to an epidemic that involved 42% 
of the school population. Of 42 re- 


corded epidemics, 4 were of major sig- 
nificance with attack rates exceeding 
10%, Six were within the 5 to 10% 
range, 7 from 1 to 5%, and 25 had 
secondary attack rates of less than 1%. 
The skin test of Enders-®® is suggested 
as an epidemiologic tool for forecast- 
ing the probable course of events. In 
13 epidemics, populations with posi- 
tive reactions in excess of 50% had 
attack rates that did not exceed 5%. 
With less than 50% positive, the attack 
rates varied from 10 to 40%. 

Much has been said about the 
nature of the agent, the effectiveness 
of contact, and community dosage as 
factors in the size of mumps epi- 
demics. The host is not to be forgotten. 
Peterborough, Ont., a city of 27,000 
people, had not had an epidemic® of 
mumps for 17 years. In the 9 montlis 
tliat followed October, 1941, there 
were 1182 cases, 1 for every 23 resi- 
dents. The undue accumulation of 
susceptibles was the answer to the 
extensive spread of infection, which 
involved persons from 4 months to 60 
years of age. 

Mumps is characterized by its wave- 
like progression through a population, 
with a seasonal rise each spring and 
more pronounced cyclic outbreaks 
ever)^ 7 years or thereabouts. A satis- 
factory explanation of how mumps 
infection is carried over in a popula- 
tion from one period of seasonal prev- 
alence to another is not to be had. 
Parotitis in summer is uncommon and 
often not reported at all, even in siz- 
able communities. Kilham®°® studied 
25 patients with mumps meningo- 
encephalitis, during the 1948 outbreak 
in Massachusetts. Eleven of 13 who 
had no parotitis were seen from mid- 
May to early September, which sug- 
gests that salivary gland enlargement 
is a less frequent manifestation of 
mumps in summer than in wdnter. 
Johnson and Goodpasture®"® in the 
course of 3 years found it difficult to 
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induce parotitis in monkeys during the 
summer months. This is in agreement 
rvith the rapid decrease in reported 
cases of parotitis in man as warm 
weather approaches. Mumps infection 
without glandular enlargement is dif- 
ficult to recognize. The hjqiothesis that 
central nerv'ous system infections are 
the mechanism by which the mumps 
virus is maintained in a population 
between seasons requires further field 
and laboratory study. 


year of the war. The broader problem 
has been presented in an earlier re- 
view^ib, but mumps is a first-class 
illustration of what happened gen- 
erally. 

Since military attack rates from 
mumps are invariably greater among 
recruits than seasoned troops a com- 
parison of conditions in the two last 
wars is best obtained by e.xamining 
first those troops stationed in continen- 
tal United States, and secondly those 
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Fic. 2. Mumps, admission rates per 1000 strength, U. S. Army, continental U. S. and 
European Theater of Operations, World War I (April 1, 1917— Dec. 31, 1919, Jinclusi\-e) and 
World War 11 0an. 1, 1942— Dec. 31, 1944, inclusive). 

Source; Med. Statist. Div., Off. of The Surgeon General, Dept, of the Army. 


Military. Most mihtary epidemiolo- 
gists entered World War II with the 
conriction tbat the record for the com- 
municable diseases would be good, and 
that in all probability the ratio of more 
deaths from disease than from battle 
casualties would be reversed, although 
it had characterized all our previous 
wars. That almost came about in 1918. 
MTiat happened was greatly beyond 
our o\s'n personal calculations, although 
the trend was recognized in the first 


in Europe, that being the single for- 
eign theater common to both wars. 
The data are shown in Figure 2. 
Admission rates for mumps per 1,000 
strength in the United States were 63.4 
in 1918 and 5.8 in the second war. The 
American Expeditionary Force of 
World War I had an attack rate of 
49.1, the European Theater of Opera- 
tions of World War II a rate of 3.1 
per 1,000 strength. Mumps in Ameri- 
can troops oi'erseas was one-sixteenth 
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as frequent in tlie war just past as it 
was in 1918; in continental United 
States the rates were less than a tenth. 

The behavior of mumps in Europe 
in World War II was by no means 
exceptional, for Table 1 shows much 
tlie same situation in all flieaters, with 
the rates in tlie Pacific and die Far 
East generally better than in Europe 
and odier more northerly regions. 

Mumps in die European Theater of 
Operations'^^‘= was a collection of minor 
events; of isolated outbreaks with no 
general spread dirough die command. 
The common occurrence was for the 


and LeHew-^ had responsibility for a 
small task force where mumps had 
been endemic for a year, widi die 
number of cases of no particular 
moment. When the troops went aboard 
transports the infection flared into an 
extensive epidemic. 

When large numbers of recruits 
were quickly mobilized^'’® respectable 
epidemics of mumps occurred, as die 
1470 cases during a two-year period 
at Fort Sill"*®, but scarcely matching 
die outbreaks of the previous war®®. 
That the character of die host is a 
dominant factor in the genesis of epi- 


TABLE l.-MUaiPS, ADlNnSSIONS TO HOSPITALS AND QUARTERS, U. S. ARHIY, 
CONTINENTAL U. S., AND THEATERS OF OPERATION 

Cases and Rates per 1,000 Strength per annum by years, January 1942 to December 1945, inclusive. 

Total 191,2 ms 19U m5 


Theaters 

Cases 

Rale 

Cases 

Rate 

Cases 

Rate 

Cases 

Rate 

Cases 

Rate 

Total Army 

100,616 

3.95 

17,983 

5.55 

39,557 

5.76 

25,246 

3.24 

17,830 

2.35 

United States 

81,067 

5.50 

15,264 

5.74 

35,420 

6.83 

17,988 

4.53 

12,395 

4.23 

Nortb America 

1,669 

3.94 

769 

7.64 

797 

4.10 

103 

.80 

* 

— 

Middle East 

368 

3.49 

4 

.66 

289 

5.45 

75 

1.62 

* 

— 

Europe 

6,267 

3.09 

180 

2.17 

941 

3.53 

5,146 

3.07 

* 

— 

Latin America 

752 

2.44 

555 

5.45 

103 

.85 

94 

1.10 

♦ 

— 

Southwest Pacific 

1,344 

1.08 

572 

8.03 

329 

1.73 

443 

.82 

♦ 

— 

North Africa 

1,734 

1.53 

205 

8.94 

838 

1.83 

691 

1.06 

* 

— 

China-Burma-India 

291 

1.34 

32 

3.66 

69 

1.74 

190 

1.13 

* 

— 

Pacific Ocean 

978 

1.11 

221 

1.46 

422 

1.45 

335 

.76 

* 

— 


* Data not presently available. Source: Dept, of the Army, Office of The Surgeon General, Med. 
Statist. Div. 


disease to appear on board a transport 
or shortly after troops landed from the 
Zone of the Interior, with limited out- 
breaks thereafter in units to which the 
replacements went. Despite the excel- 
lent rates, mumps maintained its posi- 
tion of leadership among the common 
communicable diseases, to include 
German measles, measles, meningococ- 
cal infection, diphdieria, and scarlet 
fever. The frequency of mumps was 
3 times that of the next most common 
condition, which was measles. 

The crowding aboard transports'^^ 
was a common factor in die spread of 
mumps in militar)^ practice. Dermon 


demies of mumps is brought out in the 
experience of British troops in Cyprus. 
The island had long been free of 
mumps, until in 1942 die disease set- 
tled solidly in both civilian and mili- 
tary populations®^, a t}qiical virgin soil 
epidemic. United Kingdom and Indian 
troops were largely unaffected. Inci- 
dence and complications were high in 
Cypriots, whether military or ciwlian. 

One of the classical demonstrations 
of experimental epidemiology is the 
production of an epidemic in mouse 
populations by die simple addition of 
immigrants at regular interv'als to an 
endemically infected colony. The epi- 
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demic continues as long as new mice 
are added. What happened with 
mumps at Fort Benning, Ga,-®, is the 
same phenomenon in nature. Mumps 
started in this training and recruit 
camp with 250 patients in 1942. The 
outbreak lasted over the 4 years of 
tlie war, with 415 patients in 1943, 955 
in 1944 and 836 in 1945. Hie central 
focus was the reception center. The 
outbreak was maintained by continued 
additions to tlie personnel of the post. 

In diis past war the epidemic curve 
of mumps in military populations dif- 
fered from that which was usual in 
World War I, principally in the slower 
course of the process, in its failure to 
reach equal heights, and that out- 
breaks were not so commonly concen- 
trated in the first 2 months of recruit 
life’®. The explanation of why mumps 
was of lesser moment in the war just 
past appears to lie in altered social and 
environmental conditions. Increased 
travel between the two wars presum- 
ably led to more general dissemination 
of the disease and consequently a 
■wider immunity. The experience in 
Massachusetts of recent years suggests 
this, that outbreaks are more frequent. 
McGuinness and Gall’® at Camp 
McCoy continued to find a difference 
in susceptibility between men from 
tlie south and southwest and those 
from other parts of the United States, 
but Potter and Bronstein’® state the 
distinction between rural and urban 
origin of the soldier is no longer as 
definite as it was. 

Administrative Control. A British 
committee®® appointed to investigate 
the periods of incubation and con- 
tagiousness of certain infectious dis- 
eases reported in 1892 that control 
based on isolation of patients and 
quarantine of e.\posed persons is often 
inefFecti\'e, largely because the infec- 
tion is highly communicable before 
the onset of symptoms and the recog- 
nition of the disease. Not much can 


be added to that, even witli all that 
has been learned about mumps and 
mumps virus in recent years. 

Isolation of patients with mumps is 
sometimes practiced for unreasonably 
long periods. Smith®®^ has for many 
years returned patients to families with 
susceptible contacts on the eleventh 
day with no record of a secondary 
case. Laboratory studies on the per- 
sistence of mumps virus in saliva sug- 
gest a week as long enough, and com- 
mon practice of release from isolation 
when swelling has subsided is certainly 
safe, and that is about 8 to 10 days. 

The benefits to be derived from 
quarantine of contacts are more in 
slowing down an epidemic than in 
limiting the numbers involved; but 
there is profit in that since medical 
facilities are not overtaxed, better care 
is provided and there is the unde- 
termined possibility that virulence in 
terms of complications is lessened. 
Interrupted quarantine^® is presumably 
as effective as continuous restriction 
and saves much time. The institution 
of a working quarantine was still prac- 
ticed in control of mumps in some 
military circles during the recent war, 
although happily not generally. As 
demonstrated so many times, it proved 
wholly useless. 

The newer methods for limiting air- 
borne and droplet infections have not 
been widely tried in the control of 
mumps. Wells, Wells, and Wilder’®® 
used ultraviolet light irradiation in 
schools and concluded that less spread 
occurred in irradiated compared with 
non-irradiated classes, but the results 
were not clear cut. 

The report of Levine®® on a spon- 
sored epidemic of mumps should not 
be missed. Practicing quarantine of 
immediate contacts and partial quar- 
antine of classes, a private school had 
been largely free of mumps for 12 
years. Hie next year nature was per- 
mitted to take its course, with no 
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attempt to limit the spread of the 
infection, in the belief tliat individuals 
might do well to build up an early 
immunity by experiencing tlie disease 
in childhood. In the course of 3 montlis 
62 of 114 estimated susceptibles con- 
tracted mumps; infection spread to 1 
teacher and 10 parents; all of which 
makes a real epidemic of mumps. The 
circumstances scarcely provided a fair 
test. Witli mumps absent for 12 years, 
what happened is not unexpected. Ob- 
servations over a period of years begin- 
ning after a natural epidemic might 
have led to other conclusions than that 
it was not to be hied again. 

The course of mumps epidemics is 
variable, and attack rates have a wide 
range. More flian tire usual care, to- 
gether witli adequate controls, is 
needed to interpret success or failure 
in control measures"-*®. No great prom- 
ise is provided by any of the available 
administrative practices. An efEective 
specific prevention offers most in satis- 
factory control of mumps where that 
is socially and medically desirable. 

Specific Preventive Measures. The 
prospect of improved specific preven- 
tive measures is a direct sequence of 
increased familiarity with the infec- 
tious agent. Serums from patients 
recently convalescent from mumps 
have been used for many years in 
passive protection, but with no method 
of assaying the product or determining 
its probable worth other than by clini- 
cal trial. As a consequence of mumps 
virus being more readily available, and 
in quantity, there is now the additional 
promise of a practical method for 
active immunization. 

Passive Protection. Little new evi- 
dence has been introduced by which 
to judge the effectiveness of convales- 
cent serum in the prevention of mumps 
among susceptible contacts. The posi- 
tion remains none too clear, although 
experience would indicate better re- 
sults in mumps than with some other 


infections. Wesselhoeft^®- states con- 
valescent serum to have value in pre- 
venting an epidemic, but none in limit- 
ing an outbreak that is well underway, 
which is also tire experience of 
Lyday"®. That results sometimes con- 
flict seems to depend on variations in 
antibody titer from one lot of serum 
to another, and on differences in the 
amounts administered. The first factor 
is now amenable to measurement, for 
the content of antibodies can be deter- 
mined by a variety of serological 
methods. The greater promise would 
seem to rest, however, in gamma 
globulin fractions^® derived from con- 
valescent serum. Substitution of this 
product would also eliminate the possi- 
bility of outbreaks of serum hepatitis® 
which have followed use of native 
mumps convalescent serum and plasma. 

The well established opinion tliat 
convalescent serum is without value 
in limiting the frequency of ' orchitis 
or other complications of mumps when 
administered at the onset of parotitis, 
has been further corroborated®; and 
likewise its ineffectiveness in the treat- 
ment of fully developed orchitis®^. 
Gamma globulin prepared from con- 
valescent serum appears to be an- 
otlrer matter. Gellis, McGuinnes, and 
Peters®® administered this preparation 
intramuscularly to patients with paro- 
titis of 24 hours or less, in amounts of 
20 ml. It was highly effective, in that 
the frequency of orchitis in treated 
patients was 7.8% and for controls 
27.4%. Gamma globulin prepared from 
pooled nomial plasma and knowm to 
possess a high content of complement 
fixing antibodies for mumps®®^^ was 
without demonstrable effect, even 
when given in much larger doses than 
those employed for fractions originat- 
ing from convalescent serum. 

Active Immunization. Successful ac- 
tive immunization of monkeys was 
brought about bv Johnson and Good- 
pasture®^^'®"*^, tlirough spraying the 
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nose and throat with virus-containing 
materials. The monkey is a relatively 
resistant host for mumps virus. Latent 
infection and a solid immunity fol- 
lowed. Attempts actively to immunize 
man have followed two principal lines: 
through use of inactivated virus®^, and 
through inoculation of modified living 
virus®®. The method suggested by 
Leineberg®'* of intracutaneous injection 
of defibrinated blood from patients 
witli early mumps scarcely appears 
practical or safe. 

A successful vaccine against mumps 
would fill a clearly defined need. With 
mumps the mild infection that it is, a 
general program of immunization in 
childhood would likely never be sup- 
ported, nor indicated. Such a prepara- 
tion would find a place in the practice 
of preventive medicine as contrasted 
with public health, through selective 
use for children with other disease or 
living in situations where an attack 
of mumps would prejudice the general 
health. It would have a place in insti- 
tutions for children, where a protected 
environment often leads to long ab- 
sence of infection and the groundwork 
for sharp epidemics. An essential fea- 
ture of such a vaccine would be a long 
enduring immunity or a protection 
readily reinforced; otherwise, mumps 
would merely be postponed to a later 
and more dangerous age. The princi- 
pal usefulness of a good mumps vac- 
cine would be in military practice or 
under similar situations where large 
numbers of young adults are quickly 
brought together. The ability to sort 
out susceptibles by skin test gives 
active immunization an added prac- 
ticability. 

Tlie first prophylactic mumps vac- 
cine®^ was made witli formaldehyde- 
treated virus from the parotids of 
infected monkeys. Introduced into 
normal monkeys, the preparation pro- 
duced no local swelling of the saliv'ar) 
glands, but did give rise to comple- 


ment fixing antibodies, with a maxi- 
mum titer on the eighteenth to tliir- 
tieth day. Some 60% of vaccinated 
animals had a slight but distinct resist- 
ance to subsequent infection with 
viable mumps virus. Evidence of in- 
creased resistance and the presence of 
complement fixing antibody did not 
always parallel each other. Clinical 
tests in human beings®® showed the 
same slight but ineffective immuniza- 
tion after repeated subcutaneous in- 
jections of die formaldehyde-treated 
virus. 

Witli the successful cultivation of 
mumps virus in the hen egg, Habel'*'‘‘= 
prepared a vaccine by inactivating egg 
material through exposure to ether 
or to ultraviolet irradiation. Mon- 
keys were successfully immunized as 
judged by absence of parotid swelling 
after test inoculation and by antibody 
response. The results of Beveridge and 
Lind®’’ were less impressive. 

Enders and his associates®® have had 
encouraging results with a viable 
mumps vaccine. After 25 serial pas- 
sages in the embryonated egg, mumps 
virus lost its capacity to induce typical 
experimental parotitis in the monkey, 
when introduced by Stenson’s duct, 
but nevertheless retained its ability to 
immunize. Tested 6 to 14 weeks 
later, the vaccinated animal exhibited 
a solid resistance. Furthermore, the 
modified virus was no longer patho- 
genic for man when applied by spray- 
ing to buccal mucous membranes. 
Particular attraction attaches to the 
possibility of an immunization brought 
about by so simple a procedure as 
spraying material into the mouth. Tliat 
would be a welcome respite from the 
world of needles that a child, and his ' 
parents, now face. Field trials to deter- 
mine the immunizing capacity of these 
new preparations are now undenvav- 

The results that Habel has had with 
his inactivated egg virus vaccine’’'*'’ are 
presented here in advance of formal 
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publication and by bis permission'*^^. 
Immunization n^as generally tlirougb a 
single subcutaneous injection of vac- 
cine, although some few persons re- 
cei^'ed a second dose. The efficiency of 
tlie procedure was measured by the 
response of A'accinated indhdduals in 
antibodies against die mumps virus; 
and by the protection afforded groups 
of exposed vaccinated persons. As high 
or higher titers of neuti'alizing anti- 
bodies followed A'accination as after 
naturally acquired infection. In test 


groups numbering several thousand 
persons die frequency of mumps 
among controls was 3 times that 
among the vaccinated. The mumps 
diat occurred widiin 3 weeks after 
vaccination was of normal severity, 
but diereafter was much modified as 
judged by clinical reaction, and fre- 
quency of complications. There was 
reason to believe diat if a sufficient 
proportion of a population was vac- 
cinated in die course of an epidemic, 
the outbreak was effectively limited. 
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The Epidemiology of Hemolytic Sthep- 
Tococcus. By Alvin F. Coburn, M.D., and 
Donald C. Young, M.D., The Rheumatic 
Fever Research Inst., Nortliwestern Univ. 
Pp. 229; 31 ills. Balt.: Williams & Wilkins, 
1949. Price, $4.00. 

This is a well-written and graphicaUy 
illustrated book. There are 21 chapters, each 
with its own summary, and tlie 22nd chapter 
which is a summary of the previous chapters. 
The Authors state that this book is a 'report 
from ‘the field’. It makes no contributions to 
the fundamental knowledge of bacterial life 
or of human disease; nevertlieless, it does 
make facts available which no other period 
of American history has afforded.” The vari- 
ous points discussed in the book are too 
numerous to list in a review. The reader will 
find frequent mention of the Autlior’s theory 
of communicability as one of the attributes 
of hemolytic streptococci. Epidemiologists, 
public health workers, bacteriologists, and 
others interested in streptococci or airborne 
infection will find this book interesting and 
supplying much food for thought. H. M. 


Skeletal Tuberculosis. By Vicente San- 
chis-Olmos, M.D. Translated from the 
Spanish by John G. Kuhns, M.D. Foreword 
by Frank R. Ober, M.D. Pp. 261; 104 ills. 
Balt.: Williams & Wilkins, 1948. Price, 
$5.00. 

This book is based largely on the author’s 
c.xtensive experience in his native Spain, as 
well as on case reports gathered during his 
stay in the United States. Emphasis is placed 
on the new or little known, rather than 
exhaustive completeness. Nevertheless, all 
important aspects of skeletal tuberculosis are 
presented, in a thesis well knit by convincing 
doctrinal concepts. The book appears to 
suffer not at all in translation. 

The first section, approximately half the 
book, is a general discussion that covers 
patholog)', etiology, symptomatology, diag- 
nosis and treatment. The remainder is con- 
cerned with tuberculosis of special regions of 
the skeleton, such as the skull, ribs and 
sternum, knee joint and elbow joint. There 
are many good illustrations, most of them 
roentgenograms, a few charts and photo- 
graphs. A bibliography of several hundred 
references, approximate!)' a third of them in 
English, is appended. C. B. 
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edition, the desire to maintain an ‘‘acceptable 
format and typography” has blocked plans for a 
considerable expansion. However, with the wide 
range of subjects this in any case would have 
been inadequate. To the Reviewer it would have 
been wiser to have eliminated items of human 
anatomy, embryology, and so on, which are more 
fully covered in several excellent medical dic- 
tionaries, and thus permit a more adequate treat- 
ment of botanical and zoological terms. E. K. 
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Except for a study by Broum^, die 
problems pertinent to prognosis in 
cerebral vascular accidents have 
received^, only incidental attention. 
Although several autliors®-®-'^'®’^^’^^ sug- 
gest factors which seem to influence 
the prognosis and a few of tliem dis- 
cuss longevity in cerebral vascular 
accidents, none attempts to establish 
prognostic criteria. Such criteria, as 
vicarious adjuncts to the necessarj'^ 
clinical experience, appear to be needed 
urgently, especially as cerebral vascu- 
lar accident is one of die commoner 
causes of death and incapacity. In 
view of this, it was decided to study 
the pattern of behavior manifested by 
a sei'ies of spontaneous acute cerebral 
vascular accidents, in order to appraise 
the formulation of prognostic stand- 
ards. 

Material Studied. The cases studied were 
all admissions to the Wisconsin General Hos- 
pital. All s)'ndromes due directly to trauma, 
infection, neoplasia, hemorrhagic blood dys- 
crasias and congenital anomalies were ex- 
cluded, leaving only the acute spontaneous 


cerebral vascular accidents. The diagnoses 
were carefully re-analysed in accordance with 
the work of Aring and Merritt^ to segregate 
tliem into their groups of hemorrhage throm- 
bosis and embolism. 

In Table 1 are enumerated the cri- 
teria, derived i by Aring and Merritt 


TABLE l.-CRITERIA FOR THE DIFFER- 
ENTIAL DIAGNOSIS OF CEREBRAL 
VASCULAR ACCIDENT 


Sign 

Hemor- 

rhage 

Throm- 

bosis 

Embolism 

Sracope 

+++ 

-b 

rh 

Cephalalgia, 

severe, sudden 

+++ 

-b 

it 

Emesis 

"1 — 1 — h 

-b+ 

+ 

Convulsions 

+-b 

-b 


Coma 

-f-b 


+ 

Bloody spinal 

fluid 

-b-b-b 

“1“ 


Raised spinal 

fluid pressure 

+ + + 

it 

-4” 

Nuchal rigidity 

+ + 

+ 

±: 

Signs progressive 

'1 — L 



Embolic disease 

rh 

it 

-b-b-b 

-j— 1— b = Usual 

-f— f = Frequent 
-b = Infrequent 



rt = Rare 
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from a clinico-pathologic study of 245 
fatal cases of cerebral vascular acci- 
dent, as we employ them to establish 
our differential diagnoses. Notwith- 
standing the usual clearcut differences, 
the distinction of the types is not 
always simple. There is no one clinical 
sign by itself which can decide the 
differential diagnosis. The types may 
so closely approximate one another and 
overlap that they are occasionally 
indistinguishable. In making a diag- 
nosis, Aring and Merritt, and later 
Levy®, stress the necessity of a careful 
analysis of die history, together with 
the results of the physical and neuro- 
logical examinations and of the exami- 
nation of the cerebrospinal fluid. They 
indicate that on this basis differenti- 
ation is possible in nearly 100% of cases. 
Of the 26 cases dying in our institution, 
autopsy permission including exami- 
nation of the brain was obtained in 12. 
The autopsy substantiates our diagnosis 
in 11 of these (92%). We assume, 
therefore, that the criteria of these 
investigators, as we use them, obviate 
the diagnostic diEBculties in the 
majority of our cases. 

On the basis of a rigid selection, 107 
cases are finally accepted as examples 
of primary acute cerebral vascular 
accident, with data adequate to our 
purposes. Tlie significant information 
concerning age, sex, variation in blood 
pressure, abnormality of respiration 
and cerebrospinal fluid analysis is 
obtained from the protocols of each 
case. Insofar as the blood pressure is 
difficult to evaluate immediately subse- 
quent to a cerebral accident, it w'as 
decided to use the highest pressure 
recorded during hospitalization, as has 
been done by other investigators. On 
the contrary,’, no attempt is made to 
localize the e.xact site of the cerebral 
lesion, because in acute cases such as 
ours the labilit}’’ of neurological signs 
stultifies the value of anatomical 
localization’®. In such cases as sur\nved 


the initial attack, an attempt has been 
made to determine the occurrence of 
subsequent accidents, the longevity 
and the patient’s state of health at the 
time of inquiry. This investigation 
reveals the subsequent histories of 
65.4% of those who survived the first 
cerebral vascular accident, with details 
sufficient for our analysis. 

Among the 107 selected cases of 
cerebral vascular accidents there are 
75 cases of hemorrhage, 27 of throm- 
bosis, and 5 of embolism, with an 
aggregate of 132 separate attacks. 
Fourteen patients (13%) have suffered 
more than one attack, ranging from 1 
to 5 episodes. There are 26 fatahties on 
the initial attack, with 81 survivors, of 
whom 53 are traced adequately. 
Among those whom we traced, 33 are 
kno\vn to be alive at the time of the 
study. The relative proportions of 
hemorrhage, thrombosis and embolism 
in our series are similar to those of 
Aring and Merritt’, although we believe 
that neither tlieir nor our figures repre- 
sent tlie true general incidence. In 
Courville’s^ series of 15,000 autopsies, 
there w'ere 569 cases of cereb^lll throm- 
bosis and 388 cases of cerebral hemor- 
rhage; when these are so analysed as 
to exclude cases which are not primary, 
tlie ratio is still 497 to 208 in favor of 
thrombosis. An almost simultaneous 
clinical sun^ey of 600 cases by Merritt’® 
illustrated an incidence of 66% for 
thrombosis and 21% for hemorrhage. 
Some authors believe that the pre- 
ponderance of hemorrhage in their 
autopsy series is because most cases of 
thrombosis recover to a sufficient 
e-xtent to leave hospital. It is our experi- 
ence, perhaps due to certain geo- 
graphical peculiarities, that because 
they are milder, the thromboses are 
not sent to our institution, wffiereas the 
severer cases of hemorrhage are. 
Because of tliis our e.xamples are 
weighted by the number of hemor- 
rhages. 
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Results of Analysis. Age. The 
majority of cases in the present series 
occurred betv/een the fourth and 
seventh decades, with the highest inci- 
dence in the sixth. The mean average 
is 56 years and approximates expec- 
tation. There are relativelv few cases 
before 40 years of age; only 12 of our 
cases fall into the younger categories, 
with 10 of these in the fourth decade. 
The t)^e of accident is not peculiar 
to any age. Our examples of embolism, 
however, are too few to permit infer- 
ence concerning them and, because we 
have not included cases of cerebral 
vascular accident secondary to other 


increases as that group deviates from 
tlie age group of highest incidence. 
Such cerebral vascular accidents as 
occur prior to 40 and later than 60 

TABLE 2.-THE AGE INCIDENCE OF 
CEREBRAL HEMORRHAGE AND THE 
PERCENT MORTALITY ACCORDING TO 
AGE IN 75 CASES 


Age 


Group 

Number 

Percent 

Number 

Percent 

(years) 

of Cases 

Incidence 

Fatal 

Fatal 

10-29 

2 

2.6 

1 

50.0 

30-39 

8 

10.6 

3 

37.5 

40-49 

10 

13.4 

3 

30.0 

50-59 

26 

34.6 

5 

19.2 

60-69 

19 

25.4 

5 

26.3 

70-79 

10 

13.4 

5 

50.0 

Total 

75 

100.0 

22 

29.2 



AGE IN YEARS 


Fig. 1.— The divergence of incidence and mortality rate of cerebral hemorrhage with increasing 
age up to the age of 50 is demonstrable. The approximation of these is seen at the 

extremities of life. 


disease, our representation of embolism 
may not correspond to tlie true inci- 
dence. 

When the instances of cerebral 
hemorrhage are separated into fatalities 
and survivals, it emerges that, whereas 
the number of fatalities rises slightly 
with age, it is far less than proportion- 
ate to the increased incidence of such 
accidents (Fig. 1), The disparity 
between incidence and mortality per- 
ceiltage is most extreme at the age of 
greatest occurrence. It is furthermore 
apparent (Table 2) that the per- 
centage mortality per age group 


years are more likely to be fatal than 
an attack occurring between these 
ages. That this applies to accidents in 
children is open to question, since but 
2 of our cases were under 30 years of 
age. 

The cases of thrombosis in the 
present series have a similar age dis- 
tribution to those with hemorrhage. 
But the mortality rate on first attack 
is so low, 2 instances among 27 throm- 
boses (7.5%) that the condition is a 
striking contrast to hemorrhage, in 
which the mortality was 29.2% in the 
first episode. It is deduced from this 
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that age is not so clearly a factor in 
deaths from cerebral thrombosis as it 
is in hemorrhage. Age, which assumes 
considerable importance in the latter 
type of accident, is of relatively slight 
significance in the thrombotic acci- 
dents; wherefore the accurate delimi- 
tation of these two types is of the 
utmost value. 

Blood Pressure. The cases of cerebral 
hemorrhage after the initial attack are 
divided into fatalities and recoveries, 
and their blood pressure readings, both 
systolic and diastolic, are compared. It 
becomes apparent that until the systolic 
pressure is elevated above 190 mm. 
Hg., and the diastolic rises beyond 140, 
the mortality percentage is not appreci- 
ably affected in relation to blood pres- 
sure. With pressures above these read- 
ings a significant augmentation of mor- 
tality ensues (Tables 3 and 4), when 

TABLE 3.-RELATIONSHIP OF MOR- 
TALITY PERCENTAGE AND SYSTOLIC 
BLOOD PRESSURE IN FIRST ATTACK 
OF CEREBRAL HEMORRHAGE 


Systolic 

Pressure 

Number Number 

Percent 

(znni. Hg.) of Cases 

Fatal 

Fatal 

100-139 

20 

3 

15.0) 

140-169 

19 

4 

21.0 ) 17.6 

170-189 

12 

2 

16.0 J 

190-260 

24 

13 

54.1 54.1 

Total 

75 

22 

29.2 


TABLE 4.-RELATIONSHIP OF MORTAL- 
ITY PERCENTAGE AND DIASTOLIC 
PRESSURE IN 75 CASES OF FIRST 
ATTACK OF CEREBRAL HEMORRHAGE 


Diastolic 

Pressure 

Number 

Number 

Percent 

(ram. Hg.) 

of Cases 

Fatal 

Fatal 

60-99 

31 

8 

25.8 

100-1S9 

35 

S 

22.8 

140-190 

9 

6 

66.0 

Total 

75 

22 

29.2 


such pressures are found subsequent to 
the accident. MOiich reading, systolic or 
diastolic, is of greater value is still 
problematic, but from the present 
series it appears that, as an ini'cator, 
the systolic has a slight advantage as 
compared with the diastolic pressure. 


The average blood pressure of tlie 
fatal cases is 197/115, and 757o of them 
have pressures above normal. It is 
pertinent that, among die fatal cases 
witli normal pressures, 4 were affected 
by severe complicating diseases which 
significantly contributed to the mor- 
tality. With the exclusion of these 
cases the remainder have an average 
systolic pressure of 211 mm. Hg. and 
a diastolic of 122. On the other hand, 
tlie average pressures for the recovered 
cases are 168 mm. Hg. systolic and 102 
diastolic. By treating the groups com- 
parably and eliminating cases with 
severe complications, these distinctly 
lower pressures are not altered. 
Aldiough the number of deaths by 
tlirombosis folloviong the first attack is 
too small for significant subdivision, it 
is noteworthy tliat the pressures in the 
2 fatal instances have been normal. On 
the otlier hand, the mean average 
pressures for tlie entire group of throm- 
boses are 174 mm. Hg. systolic and 
105 diastolic, which figures approxi- 
mate those found for the recovered 
cases of cerebral hemorrhage. 

Superficially it would appear that 
considerable significance might be at- 
tached to these figures and that very 
high blood pressure may be a decisive 
factor. However, when statistically 
analysed by the method of Chi squares, 
the element of chance variation cannot 
be e.\cluded rigidly. The deviation from 
the required result after the statistical 
treatment is small enough, neverthe- 
less, to indicate that a more extended 
series may substantiate the suggested 
significance of tlie difference in pres- 
sures between the fatal and non-fatal 
groups. 

Recurrence of Attacks. Consideration 
of the repetition of attacks in cerebral 
vascular accident entails 2 problems. 
One is tliat of the e-xpected mortality 
in each succeeding episode, and the 
otlier concerns the probability of a 
subsequent attack. In cerebral hemor- 
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rhage (Table 5) the mortality after a 
first attack is 29.2%, after a second 30%, 
whereas succeeding third and fourtli 
attacks have a 50% and 100% mortality 
respectively. The examples of tliird 
and fourth attacks are so few that tliese 
figures are not significant. But there is 
no difference between the mortality 
rates of first and second attacks. It is 
of further interest tliat the combined 
mortalities of the attacks otlier than 
die first represent 11% of all those pa- 
tients surviving the first attack. Since 
the mortality of first and second at- 
tacks of hemorrhage is similar, the 
probability of a repetition gains added 
interest. Ten (18.8%) of the survivors 
of die initial cerebral hemorrhage de- 
veloped one or more acute attacks. 
With this low probability of a succeed- 
ing event and the same mortality for 


tacks of cerebral hemorrhage is 46 
mondis with a wide range of variation. 
In fatal cases of second episode the 
interval measures 12 months, whereas 
in non-fatal second attacks die inter- 
val is 76 months. This discrepancy is 
further substantiated by die fact that 
the average duration between second 
and third attacks is 2 months for the 
fatal and lOM months for survivors. 
This may indicate that the mortality 
is inversely proportional to the lengdi 
of time between attacks of hemorrhage; 
the sooner the recurrent attack ensues 
the more likely it is to be fatal. How- 
ever, this is merely an indication which 
requires the confirmation of a 
series of cases. 

Coma and Respirations. Two addi- 
tional phenomena are found to bear 
upon prognosis; these are coma and 



TABLE 5.-THE RELATIONSHIP OF RECURRENT ATTACK AND PERCENTAGE OF 
MORTALITY IN 75 CASES OF CEREBRAL HEMORRHAGE, 27 OF THROMBOSIS AND 

5 OF EMBOLISM 

Hemorrhages Thromboses Embolisms 


Attack 

Cases 

Number 

Fatal 

Percent 

Fatal 

Cases 

1st 

75 

22 

29.2 

27 

2nd 

10 

3 

30.0 

2 

3rd 

4 

2 

50.0 

1 

4th 

1 

1 

100.0 

1 

such 

an occurrence. 

the hazard 

from 


this direction may be regarded as ap- 
preciable but not major. Since the in- 
cidence of the second attack is 18.8% 
and die mortality of such an episode 
is 30%, it may be deduced that the ex- 
pectation of any survivor that he may 
die of such an occurrence is 5.6% or 
approximately 1 in 20. For cerebral 
thrombosis the mortality after the ini- 
tial attack is very low (7.5%) and sub- 
sequent attacks in our series are too 
infrequent to allow further analysis, 
although diis rarity of recurrence ap- 
pears contrary to clinical experience 
in thrombosis. 

Duration between Attacks. The aver- 
age time between first and second at- 


Number 

Fatal 

Percent 

Fatal 

C.ases 

Number 

Fatal 

Percent 

Fatal 

2 

7.5 

5 

2 

40 

1 

50 

2 

1 

50 

0 

0 

1 

0 

0 

1 

100 

1 

0 

100 


abnormal respiration. Whereas the 
depth of coma is unrelated to the out- 
come of the cerebral vascular accident, 
the duration is of considerable impor- 
tance. In the 22 fatal cerebral hemor- 
rhages, the duration is several hours, 
and in 4 instances is stretched beyond 
2 days. In the cases which recovered, 
such coma as was observed lasted no 
longer than 2 hours in any instance. 
On the other hand, all except 6 of die 
fatal cases (76.9%) have exhibited pro- 
longed periods of abnormal respira- 
tion, particularly the Cheyne-Stokes 
phenomenon. The cases which re- 
covered have manifested only transient 
episodes of abnormal respiration. In 
the fatal cases which have lacked res- 
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piratory abnormality, (he period of sur- 
vival time is 11.6 days, compared vvith 
7.9 for the remainder who have mani- 
fested severe symptoms. Prolonged 
coma and protracted episodes of 
abnormal respiration may be said to 
emphasize the gravity of immediate 
prognosis. 

Discussion. In his assessment of 
cases of cerebral vascular accident, the 
clinician is confronted witli two prob- 
lems of prognosis. One is the immedi- 
ate prognosis of any case in its acute 
phase, an exceedingly difficult task; 
the other is the ultimate or 'dong term” 
prognosis, which is the outlook in such 
cases as recover from an attack. The 
immediate prognosis will in a large 
measure depend upon the tvpe of ac- 
cident; there is a 30% mortality in 
hemorrhage compared with a 7.5% mor- 
tality in thrombosis, whereas in cere- 
bral embolism the future is colored by 
the associated disease responsible for 
the emboli. It is most important, there- 
fore, to separate the conditions by an 
accurate diagnosis, since it so substan- 
tially affects the prognosis. 

Among the features which may so 
characterize a cerebral vascular acci- 
dent as to swav the prognosis, are the 
age of the patient, the duration of 
coma, the oresence of atypical respira- 
tion and the height of the blood pres- 
sure. In our series there is strong evi- 
dence that the mortality varies with 
age, and that it is greatest at the ex- 
tremes of life, least during the fifth 
and sixth decades. Tliis would indicate 
that during these decades the prognosis 
is more favorable. Of the cases in our 
series which sustained coma and re- 
covered, the duration did not e.xceed 2 
hours. MacDonald® avers tliat coma 
lasting for longer than 48 hours is a 
ver)' bad sign; to this our experience 
attests. Moreover, although brevity 
and absence of coma may not preclude 
a fatal outcome, they indicate a more 
favorable prognosis. On the other hand. 


the occurrence of atypical respiration, 
particularly if prolonged or of Cheyne- 
Stokes variety, is a sign of consider- 
able gravity. AU except 6 of our fatali- 
ties manifested this sign. Aring and 
Merritri mention that Cheyne-Stokes 
and other forms of respiration are fre- 
quent in their series and that a prac- 
tically constant finding in any type of 
accident is the uniform rise of tempera- 
ture, pulse rate and respiratory rate 
several hours or days before death. 
With this our studies agree. 

With regard to blood pressure, we 
tentatively regard a very high pressure 
as unfavorable. Although exact figures 
have limited value, a systolic pressure 
over 190 mm. Hg. and a diastolic over 
140 suggest a poor prognosis. As was 
sho\vn above, the statistical analysis 
fails to satisfy the requirements for 
complete exclusion of chance variation, 
but suggests a more extensive study. 
The height of the pressure may serve, 
therefore, as an indicative though not 
conclusive sign. Its value is enhanced 
by the behavior of tlie pressure in 
thrombosis, where it has been so low 
as to approximate that of non-fatal 
cases of hemorrhage, and where it is 
also associated with a very small mor- 
tality. Since we did not use blood pres- 
sure as a criterion for our selection of 
thrombosis, we regard this correlation 
as significant. It is pertinent from the 
investigations bf Rasmussen and B0e^® 
that the mortalits' due to cerebral vas- 
cular accident in cases of essential 
hypertension bears a distinct relation 
to the height of both systolic and dias- 
tolic blood pressures. They further 
emphasize the great prognostic sig- 
nificance of the height of blood pres- 
sure. The relationship dra^m by them 
closely approximates our findings; in 
both studies not only is a rising mor- 
tality demonstrated with an increasing 
pressure, but the levels of systolic and 
diastolic pressures, at which the in- 
creased mortality is clearly manifest, 
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are similar. Although the purposes 
of tlie studies in these instances are 
quite different, a similar conclusion is 
reached, namely that the height of 
blood pressure significantly affects die 
prognosis of cerebral vascular acci- 
dents. The discrepancy in our series 
between the systolic and diastolic 
blood pressures as a factor affecting 
the outcome of these cases further sug- 
gests that the intermittent distending 
force of an elevated systolic pressure 
plays a greater role than the continu- 
ous stress due to the maintained dias- 
tolic level. Widi our thinking oriented 
by die cardiological concept of the 
major importance of the diastolic pres- 
sure, against which the heart labors, we 
have perhaps lost sight to some extent 
of the fact that the peripheral vascu- 
lature may be very severely taxed by 
the force of die systolic pressure wave. 
Courville indicates that, regardless of 
the nature of the predisposing focal 
lesion, gross cerebral hemorrhage is 
the result of rupture of an artery no 
longer able to withstand the intra- 
vascular pressure incident to cardiac 
svstole. It is probable, therefore, that 
the difference in the relationship of 
systolic and diastolic pressures to mor- 
tality is due to their dissimilar effects 
upon the peripheral vasculature. 

The ultimate prognosis of a case de- 
pends not so much upon the features 
peculiar to the case as upon our under- 
standing of average expectations. Lon- 
gevity, so far as the disease itself is 
concerned, will be determined by the 
recurrence of attacks and die mor- 
tality characteristic of the recurrences. 
Brown- carefully followed a series of 
120 cerebral vascular hemorrhages 
with a mortality of 35% on the first at- 
tack- which corresponds well with our 
29.3%. This author indicates a rising 
mortality with subsequent attacks, 
whereas we found the same incidence 
in our first and second attacks of hem- 
orrhage, 29.3% and 30% respectively. 


and could regard neidier Brown’s nor 
our own figures of third and fourth 
attacks as adequate for analysis. We 
cannot, dierefore, fully agree that “the 
mortality in cerebral hemorrhage is 
direcdy proportional to the number of 
strokes the patient has had,” especially 
since the rate of recurrence is low and 
the mortality does not vary. In our 
series, 18.8% proceeded to a second 
attack, so that the chances of death on 
a recurrence are approximately 1 in 5. 
If maximal overcompensation could be 
made for the unfollowed cases, the 
figure would rise to 34%, which is 
close to Brown’s figure of 40% with 
second attacks. But more important is 
the fact that from both Brown’s and 
our studies it may be concluded that 
the liability of death by a subsequent 
attack is less tlian half the rate en- 
countered in the initial attack, or be- 
tween 11% and 20%. Mortality in the 
second attack represents only 5.6% of 
the survivors. 

With this estimation of the incidence 
of repeated attacks and mortality 
therefrom, the ultimate prognosis may 
be considerably narrowed. The expec- 
tation of life may be parallel to tliat 
of the person’s age group, unless a 
recurrence and sequelae are such as to 
compromise vital functions, which is in 
part decided by the location and 
extent of lesions. Gintrac® in 1869 was 
perhaps the first to report on this phase 
of the problem when he stated that of 
667 cases of hemorrhage, 106 lived to 
between 4 and 10 years, and 8 patients 
survived over 10 years. It was later 
observed bv Charcot® that in an insti- 
tution for the infirm, of 1,000 invalids, 
200 were hemiplegics for some dur- 
ation. In a commentary^^ upon the dif- 
ference between the numbers of cases 
of cerebral vascular accident clinically 
controlled and those analysed bv 
autopsy, of which tliere were 604 and 
245 respectively, it is pointed out that 
these two contrasting groups empha- 
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Size the fact tliat cerebral vascular 
accident does not always carry witli it 
a fatal outcome. It is furtlier indicated 
that many patients may survive 10 
years and even longer. In our small 
series, 3 have survived for over 10 
years, one of tliese for 25 years, 6 
otlrer patients are alive after 5 years 
and tlie remainder for variable shorter 
times. Brown mentions a case surviving 
for 18 years. A considerable suiAuval is 
possible, though very long intervals 
are uncommon. However, since the 
extent of tlie damage, its location and 
the age of incidence are most probably 
very important factors in longevity, an 
e.xact appraisal can come only from 
an extensive accumulation of such data. 
Since the majority of these accidents 
occur in the geriatric period of life, 
their longevity may be most accurately 
assessed by close comparsion xxnfh dieir 
contemporary collaterals. B}’’ this it is 
feasible to determine how short they 
fall of their life expectancy and 
whether the demise is directly attribu- 
table to the cerebral x'ascular accident. 
Our indications suggest that these 


patients have a good chance of living 
out their e.xpected life span once tliey 
survive tlie initial attack and suffer no 
recurrences. 

Summary and Conclusions. 1. The 
correlation of clinical data concerning 
age, sex, blood pressure and physical 
signs has been made on 75 cases of 
cerebral hemorrhage, 27 of thrombosis 
and 5 of embolism. Of diese, 64.5% 
were followed up successfully. 

2. In tlie assessment of immediate 
prognosis, age, the duration of coma, 
type of respiration, and an elevation 
of blood pressure offered valuable 
assistance. The type of accident is also 
important, since 30% of hemorrhages 
and 7.5% of thromboses are fatal in 
the first attack. 

3. Of the survivors of hemorrhage 
about 18% have one or more recur- 
rences; 5.6% of tliese die in the second 
attack and 11% of the combined subse- 
quent attacks. Unless seriously compro- 
mised by the sequelae of the disease, 
the remaining survivors seem to live 
out dieir expected life span. 
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The patient with pneumococcal 
pneumonia, treated witla penicillin or 
the sulfonamides, generally responds 
with dramatic clinical improvement 
within a few days, and shows complete 
resolution manifested by disappearance 
of physical and roentgenological signs 
widiin a period of 2 to 4 weeks. 
Cases frequently occur, however, in 
which this uneventful and desirable 
course does not ensue. In an attempt to 
determine the factors responsible for 
delayed resolution, a study has been 
made of 198 cases of pneumonia admit- 
ted to this hospital during its first 2 
years of operation. The hospital has 
been designated as a chest center for 
the Veterans Administration, and 47 of 
the above patients who were received 
had been treated for pneumonia prior 
to admission. Of these 198 cases, 52 
(26.2%) exhibited delayed resolution. 

Delayed resolution or unresolved 
pneumonia includes a number of dif- 
ferent pathological conditions. It is a 
useful clinical term and not an expres- 
sion of a specific pathological entity. It 
must be emphasized that the term 
should not be employed without being 
qualified by a patliological or bacteri- 


ological explanation. In selecting cases 
for tliis series, an arbitrary time limit 
for complete resolution was set at 30 
days. 

It is rather surprising to note the 
paucity of published reports on this 
subject. A review of the British and 
American literature during tlie last 20 
years reveals only three articles pertain- 
ing specifically to the etiology of un- 
resolved pneumonia^’^’®. This is almost 
certainly due to tlie fact that many of 
the so-called unresolved pneumonias, 
on reaching the patliologist, are cor- 
rectly classified as to their proper eti- 
ology: for example, malignancy, lung 
abscess, bronchiectasis, lipoid pneu- 
monia, and others. Although many of 
the cases of delayed resolution have 
their origin in underlying disease, in- 
stances occur in which no obvious basis 
can be detected for the delay in pro- 
ceeding to complete resolution. These 
must fall in the group of chronic pneu- 
monias. The etiological factors respon- 
sible for this delay may not be readily 
apparent, but on more tliorough and 
detailed study can be demonstrated in 
almost every instance. Pickliardt^, in 
1928, studied 46 patients with chest 
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TABLE 2. FACTORS INFLUENCING 
BRONCHIAL DRAINAGE LEADING TO 
DELAYED RESOLUTION 

1. Upper respiratory obstruction: 

A. Vocal cord paralysis 

B. Pharyngeal paralysis 

2. Bronchial obstruction; 

A. Endobronchial disease 

1. Tumor: a. Carcinoma 

b. Adenoma 

2. Foreign Body 

3. Inflammatory disease: 

a. Tuberculosis 

b. Non-specific stenosis 

B. Extrabronchial disease 

1. Aneurysm 

2. Mediastinal tumor 

3. Hilar node enlargement 

3. Impaired ciliary action: 

A. Chronic bronchitis 

B. Bronchiectasis 

C. Bronchial astlima 

D. Arrested pulmonary tuberculosis 

4. Impaired pulmonary mobility: 

A. Pulmonary fibrosis and emphysema 

B. Pneumoconiosis 

C. Chest trauma 

D. Paralysis of diaphragm or intercostal 
muscles. 

choscopy does not reveal the neoplasm, 
examination of the bronchial washings 
and sputum for tumor cells by the 
Papanicolaou technique mav yield the 
diagnosis. However, the failure to ob- 
tain positive evidence of the presence 
of carcinoma by these methods should 
in no way delay exploratory thoraco- 
tomy. This approach has recently been 
emphasized by Ochsner and his asso- 
ciates^. Extrabronchial masses may oc- 
casionally compress the lumen of a 
bronchus, thereby producing inade- 
quate drainage and secondary pneu- 
monia. 

Impaired ciliary action resulting in 
poor drainage of the lung, puddling of 
secretions, and pulmonary infections 
which are slow in clearing are seen in 
patients with bronchitis, bronchiectasis 
and asthma. This process mav also 
occur in lobes which were once the site 
of a tuberculous process. Fibrosis, 
emphysema and inadequate blood sup- 
ply xvith impaired aeration of the re- 


gion undoubtedly play an important 
role. 

There is little doubt that the venti- 
lation and drainage of the peripheral 
lung tissue are greatly impaired in con- 
ditions in which pulmonary mobility is 
lessened. The fibrotic and emphysema- 
tous lung has little elasticity, and tlie 
force of the expiratory air blast, which 
helps expel secretions from the alveoli 
and bronchioles, is impaired. The per- 
istaltic action of the bronchioles is also 
diminished, adding further to the in- 
adequate cleansing of the affected 
broncho-pulmonary segment. The same 
mechanism is present in patients whose 
pneumonia is associated with chest 
trauma. Here the lung is splinted by 
fractured ribs and pleurisy, and 
bronchospasm and interstitial hemor- 
rhage are prominent features. If ade- 
quate amounts of an analgesic drug 
are administered, or, better yet, if re- 
gional nerve blocks are performed to 
relieve the pain, the effects of trauma 
may be minimized. Finally, it is ap- 
parent that poliomyelitis and other 
neurological diseases which produce 
paralysis of the diaphragm, the inter- 
costal, the laryngeal, or the pharyngeal 
musculature may cause delayed resolu- 
tion by interference with bronchial 
drainage. 

The intrinsic complications of the 
pneumonic process (Table 3) were the 

TABLE 3. INTRINSIC COMPLICATIONS 
OF THE PNEUMONIC PROCESS 

1. Pleural effusion 

2. Empyema 

3. Lobar or segmental collapse (atelec- 
tasis) 

4. Lung abscess 

most common causes of protracted res- 
olution in the younger age group. 
These are closely associated with the 
factors already discussed. Scadding^'^ 
pointed out tliat chronic suppurative 
pneumonia rarely follows pneumococ- 
cal pneumonia, but was unable to cor- 
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relate the bacteriology witli the clinical 
course in his cases. Although pleural 
effusion is not uncommon in tne more 
severe pneumonias, no case initially 
treated by us developed empyema. 
The major etiological process respon- 
sible for delajed resolution was deter- 
mined in 50 (96.1%) of the 52 cases 
(Table 4). Many of die older patients 

TABLE 4. DISTRIBUTION OF 52 CASES 
OF DELAYED RESOLUTION ACCOR- 
DING TO MAJOR ETIOLOGICAL PRO- 
CESSES 


Impaired Bronchial Drainage 22 

Bacteriological and Chemical Factors 1(5 

Intrinsic Complications of the 

Pneumonic Process 12 

Undiagnosed 2 

Total 52 


presented multiple etiological factor.'!. 
Each has been classified under the one 
factor considered largely responsible 
for the delay in clearing. It is to be 
noted that in not quite half of our pa- 
tients impaired bronchial drainage was 
the significant process causing delay. 

A specific organism or chemical in- 
sult was responsible for the delay in 
16 (30.7%) patients (Table 5). Aspira- 

TABLE 5. DISTRIBUTION OF 16 CASES 
OF DELAraD RESOLUTION OF PRI- 
MARY BACTERIOLOGICAL AND CHEM- 
ICAL ETIOLOGY 

.Aspiration of Anerobic Organisms 


of the Orophai^mx 6 

Klebsiella pneumoniae 4 

Oil Aspiration 2 

Mycobacterium tuberculosis 2 

Streptococcus 1 

Priiuar)' Atj'pical Pneumonia I 


tion was the most common cause, and 
5 of the 6 patients de\’elopcd single or 
multiple lung abscesses, 4 of which 
were remos’ed surgically. Friedlanders 
pneumonia occurred in 4 patients, all 
of whom rcco\'cred under streptomycin 
therapy. Of the 2 cases in which delay 
in clearing was considered secondar}' 


to oil aspiration, one followed die in- 
stillation of the iodized oil for diagnos- 
tic purposes. The second case was a 
typical example of lipoid pneumonia in 
a patient who lubricated his permanent 
tracheotomy opening widi mineral oil 
several times daily over a period of 
many years. 

Impaired bronchial drainage was re- 
sponsible for die delay in 22 (42.3%) 
cases (Table 6). Four of tiiese cases 

TABLE 6. DISTRIBUTION OF 22 CASES 
OF DELAYED RESOLUTION DUE TO 

IMPAIRED BRONCHIAL DRAINAGE 


Emphyseni.i and Fibrosis 5 

Bronchogenic Carcinoma 4 

Arrested Pulmonary Tuberculosis 3 

Chest Trauma 2 

Chronic Bronchitis 2 

Bronchial Asthma 2 

Non-specific Bronchial Stenosis I 

Pneumoconiosis 1 

Hilar Node Enlargement 1 

Paralysis of Laryngeal and 

Pharyngeal Muscles 1 


were proven to be due to bronchogenic 
carcinoma. All 4 of these padents 
whose early diagnosis and definitive 
treatment were delayed for some 
months b)' treatment for pneumonia 
proved to be non-resectable and have 
since died. The other frequent cause of 
delayed resolution in this group was 
pulmonary fibrosis and emphysema. 
The 5 patients with this condition re- 
quired mondis for resolution to occur, 
but finally cleared completely. One of 
this group has since suffered a second 
pneumonic episode in the same lung, 
which again was slow in resolving. 

The last group of cases to be con- 

TABLE 7. DISTRIBUTION OF 12 CASES 
OF DELAYED RESOLUTION DUE TO 
INTRINSIC COMPLICATIONS OF THE 
PNEUMONIC PROCESS 


Lung Absccs.*! 4 

Lob.nr or Segmcnf.il Collapse 4 

(Atelectasis) 

Pleural Effusion 2 

Empyema 2 
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sidered is that in which delay was 
caused by intrinsic complications of 
tlie pneumonic process itself (Table 7). 
Twelve patients (23%) fall in dais cate- 
gory. These generally consisted of 
younger patients with extensive lesions, 
whose treatment was instituted late or 
who received inadequate initial treat- 
ment widaout adequate bacteriological 
study. It is possible that the cases listed 
here as lung abscess might have been 
more properly classified under other 
headings if they had been studied in an 
earlier phase of dieir disease. The 
group listed as lobar or segmental col- 
lapse is easily the most difficult to 
evaluate. An element of atelectasis is 
probably present in all pneumonias. 
Coryllos and Birnbaum- have set forda 
the concept that lobar pneumonia is a 
pneumococcic atelectasis due to bron- 
chial obstruction by mucus infected 
with virulent pneumococci. We have 
no adequate explanation for the pro- 
longed presence of collapse in these 4 
patients, despite active therapy with 
bronchodilator drugs and broncho- 
scopic aspiration. 

The 2 patients in whom no clear, 
underlying factor could be demon- 
strated included a young man with ex- 
tensive miliary nodular disease of the 
lungs of undetermined origin. The 
second case was that of an elderly man 
with pernicious anemia who suffered 
an extremely severe lobular pneumonia 
involving the entire right lung. 


It will be noted from this review that 
in almost every instance of delayed res- 
olution one or more local etiological 
factors could be found to account for 
the phenomenon. The most significant 
finding of this entire study appears to 
be tlie fact that of 52 cases of delayed 
resolution, 4 cases (7.7%) were proven 
to be due to bronchogenic carcinoma®. 
It seems clear, tlierefore, tlaat broncho- 
genic carcinoma should occupy a 
prominent place in the differential 
diagnosis of delayed resolution in pneu- 
monia. No sounder advice can be of- 
fered to the clinician than Amberson’s 
statement^, “It should be tlie inflexible 
rule of tlie clinician never to make a 
diagnosis of unresolved or organizing 
pneumonia ■witliout searching for the 
cause; otherwise, patients with serious 
and remediable lesions of the lungs 
may miss the opportunity of early diag- 
nosis and cure.” 

Summary. 1. The major etiological 
factors producing delayed resolution in 
pneumonia have been determined in 
50 (93.1%) of 52 cases studied. 

2. The major process responsible for 
delayed resolution was found to be 
impaired bronchial drainage in 22 cases 
(42.3%); in 4 cases, this was directly 
the result of bronchogenic carcinoma. 
A specific organism or chemical insult 
was responsible in 16 cases (30.7%). 
Intrinsic complications of the pneu- 
monic process caused delayed resolu- 
tion in 12 cases (23%). 
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CuLivELL et al.^ have recently dem- 
onstrated tlie efficacy of intramuscu- 
lar chloroquine in 16 cases of sporozo- 
ite induced, Chesson strain, vivax 
malaria. The antimalarial action of the 
drug was comparable to that resulting 
from oral administration and no toxic 
reactions were observed. ^Vhen given 
orally cliloroquine has been found to be 
highly effective in the treatment of all 
types of malaria’’ ®’®'^*’'*- and the toxi- 
cit)' less than tliat following quinine or 
quinacrine administration*---'*'"’^®. 

There is no report of naturally 
acquired falciparum malaria treated 
with parenteral chloroquine. We have 
treated 8 patients \vith falciparum 
malaria with chloroquine intramuscu- 
larly. All of these patients acquired 
their infection in Africa and 6 had 
received suppressive or therapeutic 
quinacrine or quinine prior to admis- 
sion to the hospital. Tlie longest period 
that elapsed behveen the last adminis- 
tration of anrimalarial drugs and 
treatment with parenteral chloroquine 
was *12 days; the shortest was 12 days. 
.•\ftcr the diagnosis was confirmed by 
blood smear each pah’ent was given 
an intramuscular injection of 0,2 gm. 
of chloroauine base in 5 cc. of sterile 
unbuffered aqueous solution according 
C370 


to tlie method of Culwell et al.'^. One 
patient (Case 8) received an ad- 
ditional dose of 0.2 gm. intramuscu- 
larly 3 days after initial administration 
of the drug. Daily parasite counts were 
done on each patient and 2 to 5 days 
later each patient was given a routine 
course of oral cliloroquine as recom- 
mended by Most et aJ}^. Results of 
treatment are summarized in Table 1. 

No adverse local or systemic effects 
from the intramuscular chloroquine 
were observed in any of these patients; 
toxic effects following the parenteral 
administration of quinine or quina- 
crine are not infrequent. Rapid clearing 
of the parasites from the peripheral 
blood occurred altliough none of the 
patients had very high initial parasite 
densities. The most striking feature of 
treatment w'ith parenteral chloroquine 
in this series was that in 6 of the 8 
pab’ents no ase.vual falciparum para- 
sites were found in the blood after 
administration of the initial dose. Tlic 
remaining 2 pah'ents showed only 30 
and 60 ring forms on the morning of 
the day further therapy was given. It 
is likely that the blood of these pah'ents 
would likewise have cleared com- 
pletely if further therapy had been 
delayed. Four of the 8 patients showed 
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gametocytes in their smears after theh 
blood was free of asexual parasites, 
Neither the intramuscular nor oral 
chloroquine had any apparent eflFect on 
the sexual forms. 

The clinical response of these 
patients to intramuscular chloroquine 
was likewise very striking. All of them 
became completely afebrile in 1 to 2 
days and were markedly improved sub- 
jectively. Nausea and vomiting which 
had occurred in 3 patients subsided 
promptly following the initial therapy. 

The effect of previous antimalarial 
medication in these patients cannot be 


of the patients had symptoms of cere- 
bral malaria nor were any in coma. 
Culwell et al.^ pointed out that none 
of the patients treated by them were 
critically ill and that it was impossible 
to conclude from their series that 
chloroquine given intramuscularly 
would prove rapidly efficacious in 
overwhelming infections where there is 
peripheral vascular stasis. Since none of 
our patients were critically ill, either, 
no definite conclusions can be reached 
as to the route of administration of the 
drug in this type of patient. Culwell 
et alJ^ suggested that chloroquine could 


TABLE l.-CLINICAL AND PARASITOLOGICAL RESPONSE IN 8 ATTACKS OF 
NATURALLY ACQUIRED FALCIPARUM MALARIA TREATED WITH 
INTRAMUSCULAR CHLOROQUINE 


Case 

Attack 

Parasite 

Parasite 

Parasite 

Parasite 

Parasite 

Parasite 

Days to 

Days until 

Number 

Number count per 
cu. mm. on 
day of 
therapy 

positive 

count on 
second 
day 

count on 
third 
day 

count On 
fourth 
day 

count on 
fifth 
day 

count on 
sixth 
day 

negative 
smear (for 
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definitely determined. It is not likely, 
however, that this medication had any 
effect on their response to intramuscu- 
lar chloroquine since there was a 
period of from 12 to 42 days from the 
time the patients last took quinine or 
quinacrine until chloroquine was given. 

It has been recommended that 
malaria with persistent vomiting, coma, 
impending coma or a high density of 
falciparum parasites in the blood 
smears (5% or more of red cells 
infected) be treated with parenteral 
antimalarial drugs®. Although none of 
the patients in this series showed a high 
parasite density, 3 of them had nausea 
and vomiting severe enough to prevent 
administration of oral medication. None 


be given in a saline infusion intra- 
venously over the course of 3 to 4 
hours for the treatment of patients 
critically ill with falciparum malaria as 
carried out by Machella et cZ.® with 
quinacrine and SN 6911. The parenteral 
administration of chloroquine is not 
recommended for patients who can 
take the drug by mouth except for 
those who show very high parasite 
densities®, as the absorption of chloro- 
quine from the alimentary tract is 
usually very rapid. 

The follomng case histor)'^ illustrates 
the type of response obtained with 
intramuscular chloroquine in this series: 

Case Abstract— Case 5. S. C., a 32 year 
old seaman was admitted to the hospital on 
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Summary. 1. Eight patients witli 
naturally acquired falciparum malaria 
were treated with intramuscular chlo- 
roquine. 

2. All of tlie patients responded well 


to treatment and there was rapid clear- 
ing of the asexual parasites from the 
blood. 

3. No local or systemic toxic effects 
from the drug were observed. 
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LOCALIZED SEALED-OFF PERFORATION IN RECURRENT 
DUODENAL ULCER 
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BALTIMORE. MARYLAND 

(From the Department of Gastroenterolog}’, University of Maryland) 


Acute perforation of a peptic ulcer 
usually produces a typical clinical 
picture that offers little diagnostic diffi- 
culty. There is usually "an acute surgi- 
cal abdomen” with free gas in the 
peritoneal cavity. The free gas is dem- 
onstrated beneath both domes of the 
diaphragms in the majority of cases. 
Another variety of perforation is the 
“Formes Frustes” reported by Singer 
and Vaughan^. In the latter condition 
an acute surgical condition is present 
in the abdomen, often with free air in 
the peritoneal cavity. This subsides 
after a number of hours, leaving the 
patient in comparative comfort. In 
both varieties of perforation there is 
acute abdominal pain, prostration, 
shock, and a board-like rigid abdomen. 
In the type of sealed-off perforation 
reported here, severe symptoms and 
shock were absent, the patients were 
ambulatory. There is no free air in 
the peritoneal cavity. 

There are 3 types of walled-off perfo- 
rations: 1, a medical type; 2, a surgical 
type; and 3, chronic perforation wth 
an accessory pocket. Only the first 
variety vlU be discussed in this com- 
munication. Five such cases are here 
reported. 

The sealed-off medical variety of 
perforation must occur with greater 
frequency than is suspected. This 
complication, although mild, has not 
often been recognized. There is a 
dearth of information on this tyqie of 
perforation complicating the ambula- 
tory’ case of duodenal ulceration. The 
actual incidence has never been com- 
( 378 ) 


puted, probably because sealed-off per- 
forations of this type are best demon- 
strated by special methods of examina- 
tion. Within a 3 montlis’ period, 
approximately 65 cases of duodenal 
ulcer in aU stages were examined. 
Among these there were 5 of this 
form of perforation. These patients pre- 
sented clinical symptoms which were 
more pronounced and lasted longer 
than any the patient had previously 
experienced. Although this is too brief 
a period and too small a series to 
establish its incidence, it is neverthe- 
less possible to demonstrate its exist- 
ence and emphasize the frequency of 
this condition. Since these cases repre- 
sented a selected group, the true inci- 
dence cannot as yet be established. If 
one would examine all intractable 
duodenal ulcer cases, in the erect 
position, utilizing the spot film com- 
pression technique, many cases of 
sealed-off localized perforations would 
be detected. The 5 cases of recurrent 
duodenal ulcer presented in this com- 
munication had been selected for spot 
film examination because of their 
clinical history of an abrupt onset of 
an unusual mild digestive episode. 

The subhepatic gas-bubble is not 
a new sign for walled-off perforadons. 
Attenfa'on is now being directed to a 
pinpoint sealed perforation of a medical 
type, its incidence and the roentgeno- 
logic method to demonstrate them. 

The following 5 cases are presented 
to show the characteristic clinical and 
roentgen picture of a medical type of 
walled-off minimal pinpoint perfo- 
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ration which had spontaneously sealed 
itself. 

Case Reports. Case 1. A man, aged 52, 
first had an ulcer 25 years ago. At intervals 
since tlien there were complaints of epigastric 
pain, relieved by food, which awakened him 
during the night. He felt well, witli few 
symptoms, until about 1 year ago, when he 
began to have symptoms refractory to the 
usual treatment. Recently he had an acute 
episode tliat differed from any experienced 
before. The usual ambulatory treatment did 
not give complete relief. Roentgen-ray 
examination revealed a markedly deformed 
duodenal bulb with an ulcer-niche filling 
defect. Situated above the duodenal bulb 
and outside the duodenal contour was a per- 
sistent localized small air-pocket. This was 


to be adherent by extensive adhesions beneath 
the liver. There was evidence of chronic 
inflammatory changes involving the serosa and 
a matting together of adjacent tissues sur- 
rounding tlie suspected old pinpoint perfo- 
ration. The duodenal bulb revealed evidence 
of a chronic ulceration. Arising from the 
inner aspect of the bulb, there was a pseudo- 
diverticulum or an accessory pocket of a 
perforation which was not observed in tlie 
previous roentgen examination. 

Case 2. Man, aged 48, had recurrent 
symptoms of a duodenal ulcer for 15 years. 
Frequent follow-up examinations showed 
complete healing and cicatrization of tlie 
ulcer, with varying degrees of gastric reten- 
tion. Until recently, he had few symptoms 
and no changes in the anatomic appearance 
of the healed ulceration. In a recent episode 



Fig, 1. Case 1. (A) Roentgenogram made in tlie erect position with spot film compression. 
A markedly deformed duodenal bulb with a large air-bubble above the duodenum is shown 
at arrows. Note the flattened base of the air-pocket, due to a small amount of fluid. (B) 
Same case, with roentgenogram made in the recumbent prone position without compression. 
No gas pocket can be demonstrated. 


demonstrated only in the erect position. A 
diagnosis of a minute blowout type of walled- 
off perforation was made. He was hospitalized 
at the Church Home Hospital for a few 
weeks and obtained complete relief of 
symptoms. Re-examination made 3 and again 
11 months later did not show any sign of 
perforation. The encapsulated air-pocket had 
disappeared. 

This patient remained clinically well for 
almost 1 year, when his ulcer symptoms 
recurred. Because of the repeated episodes of 
the intractable ulcer, he was re-admitted to the 
Church Home Hospital for surgical e.xplor- 
ation. At operation the duodenum was found 


there was a recurrence of symptoms that 
lasted longer than any he had experienced 
before. Roentgen-ray examination at this time 
showed a recurrence of activity with an 
ulcer niche defect. There was about a 10% 
gastric residue in 5 hours. A small air-bubble 
was demonstrated directly above the duodenal 
bulb which was due to a recent pinpoint 
sealed-off perforation. This encapsulated air 
was only seen in the erect position. No 
bariiun was seen to enter the pocket. A 
diagnosis of a sealed-off perforation of a 
duodenal ulcer was made, which accounted 
for the recurrence of atypical symptoms. 

This patient returned for re-examination 6 



880 


FELDMAN: RECURRENT DUODENAL ULCER 


montlis later. At this time he had no digestive 
svTTiptoms and felt comparatively well. A 
clieck-up examination showed that the ulcer 
niche and the gas-bubble had disappeared. 

C.vsE 3. A 53 year old man had stomach 
trouble for 10 years, with periodic pains 
relieved by food, characteristic of duodenal 
ulcer. Recently his sjTnptoms suddenly 
became worse, and were different from any 
lie had had before. They were more severe 
and lasted longer than in any other prexious 
attack. The spell w'as not severe enough to 
keep him from working, although tile vomit- 
ing had w’eakened him considerably. He had 
never vomited before this episode. Roentgen- 
ray examination revealed evidence of a 


tite was good. There was no loss of weight. 
Roentgen studies of tlie g.astrointestinal tract 
at tliis time revealed a duodenal ulceration. 
Tliree years later a gallbladder study revealed 
a large number of small gallstones. He was 
operated upon 1 year ago and the gall- 
stones Were removed; this W'as followed by 
complete relief from his acute abdominal 
attacks. About 6 months later his ulcer 
sjTnptoms suddenly recurred, with abdominal 
pain, which aw’akened him during the night. 
A gastrointestinal study made at this time 
revealed a pyloro-duodenal deformity due to 
an ulceration, associated with a redundant 
prolapsing gastric mucosa. A small gas-bubble 
W'as observed above the superior aspect of the 



Fio. 3 Fig. 3 


Fit. 3 Case 2. Demonstrates a defonned contracted cap with an ulcer niche defect at 
arrow. Note the air-bubbic with a flattened base, atop the bulb at arrow's. 

Fir.. 3. CvsE 5. -An elongated deformed duodenal bulb is shown. Note the small subhepatic 
air-bubble above the duodenal bulb at arrows. 


duodcn.il defonnity with an ulccr-niclic 
(lefett. A small encapsulated air-pocket was 
rlemonsirated aboxe the duodenal bulb, only 
in tile erect position. The diagnosis of a 
immile blowout tx'pe of walled-off sealed 
perfor.ition w.is marie. 

C\sr -I. .V man, aged 40, bad coronary 
Iie.irt (hs(M-;e for 6 vears. fits onset of digestive 
trouble began .5 vears a "0 with attacks of 
.ibdomin.il p.iin. vviihoiit food relation. The 
p.iin w.as severe, radiating between the 
shoulder bl.itles. requinn" morphine for relief. 
Rr tween the nlt.acks lie felt well. His .appe- 


duodenum. This suggested a recent escape 
of a small amount of air from a pinpoint 
perforation which had spontaneously scaled 
itself, and became walled off in the .siih- 
Iiepatic area. 

Case 5. A man, aged 49, had digestive 
trouble for 13 years. Tlie predominant 
svTnptoms were pjTOSis and pains across the 
upper abdomen, llis appetite was good and 
he always felt better when he ate. He had an 
appendectomy without relief and later a g.all- 
bladdcr operation. Tlie last digestive episode 
began 1 week before admission with cpi- 
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gastric distress and pain. There was no food 
relief. Ordinary treatment did not help him 
as it had before. Because this spell of 
indigestion lasted longer than usual, he sought 
medical attention. A gastrointestinal Roentgen- 
ray examination revealed a deformed duodenal 
bulb due to an ulceration. No ulcer niche 
defect could be demonstrated. Atop the 
duodenal bulb, the erect compression spot 
film showed a persistent small air-bubble 
about the size of a chestnut. A diagnosis of 
recurrent duodenal ulceration with a sealed- 
off perforation was made. 

Discussion. Clinically, tliis form of 
perforation more commonly occurs in 
cases of recurrent duodenal ulceration. 


attention. There is usually persistent 
pain in the epigastrium, somewhat to 
tlie right of the mid-line. The pain lasts 
longer than usual, tends to become 
milder and intermittent. Later there is 
a persistent soreness and discomfort in 
the epigastrium. At times food 
increased the discomfort. Vomiting 
frequently occurred during the episode. 

Five ambulatory cases of a pinpoint, 
spontaneously sealed-off type of perfo- 
ration occurring in recurrent duodenal 
ulceration were observed. The 
symptoms presented were not severe. 



Fig. 4. Case 4. Illustrates a small gas-bubble atop the duodenal bulb. The amount of air in 
the gas pocket is minimal, could only be demonstrated on the erect spot compression films. 

Fig. 5. Case 5. A markedly deformed duodenal bulb with a small subhepatic air-bubble 

shown at arrows. 


The attacks are usually mild and 
transient. In most instances the 
symptoms are more exaggerated but 
the possibility of a perforation is not 
ordinarily considered. These patients 
do not obtain relief witli food, soda or 
antispasmodics as quickly as they had 
previously. The patient is of the 
opinion that a new condition has 
occurred for which he seeks medical 


but differed from those the patients 
had previously experienced. All of the 
5 cases were males. There was an ulcer 
deformity of the cap in all of the cases 
and in 3 an ulcer niche defect was 
demonsti'ated. In all 5 cases tliere was 
a small, well defined encapsulated air- 
bubble situated above and outside of 
tlie duodenal bulb. All of these cases 
presented a persisting digestive episode. 
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Tlie duration of their ulcer symptoms 
ranged from 5 to 25 years. 

This type of perforation in which 
there is an abrupt or insidious pinpoint 
blowout %vith spontaneous sealing-off 
of the perforation and walling off of 
the adjacent tissues, is thought to 
account for the subhepatic air-bubble. 
Occasionally, a small amount of fluid 
capped wtli air is seen in the base of 
the pocket. These perforations must be 
of pinpoint size permitting only air to 
escape. In none of the cases of this 
form of perforation had the barium 
meal escaped into the pocket. It is 
interesting to point out that the gas- 
bubble with a minimal amount of air 
was only demonstrated in the erect 
position under compression, while in 
the recumbent position no air pocket 
was observed. The gas-bubble in these 
cases could not be clearly demonstrated 
under the fluoroscope in any position. 
No communication was seen beUveen 
the ulcer and the encapsulated air- 
pocket. The gas-bubble is generally 
small, smooth in contour with its 
superior aspect dome-shaped and its 
base flat above the duodenal contour. 
The similarit\' of the clinical manifes- 
tations and the Roentgen-ray picture 
of a subhepatic gas-bubble in all of 
the 5 cases was a striking feature. Tlie 
gas-bubble usually disappears within 
a few weeks of treatment. 

Multiple perforations may occur in 
some patients. How manv sealed-off 
perforations occur during the life cycle 
of a case of duodenal ulceration is not 
known. However, it is most likelv that 
multiple perforations of this h’pe do 
occur in some instances. In Case 1. 
there were 2 perforations; a pinpoint 
sealed t\pe, and later an accessoty 
pocket type. 

Tlie purpose of this communication 
is to give information regarding a 
medical type of perforation that has 
not been demonstrated before. The 
following fundamental data are pre- 


sented; 1, pinpoint leak-type perfo- 
rations not uncommonly complicate 
chronic recurring duodenal ulceration; 
2, it is associated witli an active 
duodenal ulceration; 3, tlie subhepatic 
gas-pocket is an abnormal finding; 4. 
the gas-pocket is a roentgenologic 
observation. 

The type of perforation considered 
in this paper was of a mild and 
transient nature presenting a medical 
problem. In 1 of the 5 cases there svas 
surgical confirmation of the condition. 
Gas pockets outside of the duodenum 
are normally not observed unless there 
is a perforation, an air filled diverticu- 
lum or overshadowing gaseous viscus. 
The gas pocket in these cases cannot 
be considered as trapped air wnthin 
the duodenum as it is distinctly out- 
side of tlie duodenal contour. Because 
of the minimal amount of air which 
escapes from tlie pinpoint duodenal 
perforation, the condition is best 
demonstrated in the upright position. 
In the type of perforation discussed 
no barium entered the sac. The amount 
of air visible within the gas pocket 
depends upon the stage and time 
interval follown'ng the perforation. This 
small amount of air and, occasionally, 
fluid is usually absorbed, leawng no 
Roentgen evidence of the condition in 
later examinations. 

In the differential diagnosis, other 
subhepatic gaseous shadow's must be 
eliminated. The follow'ing conditions 
should be differentiated: 1, gas in a 
loop of colon (hepatic flexure); 2, gas 
in a loop of duodenum, such as is found 
in an inverted duodenum; 3, subhepatic 
abscess; 4, cmphvsematous cholecy- 
stitis. Tliese conditions are ordinarily 
casilv eliminated by the proper special 
type of examination. 

Conclusions. 1. A medical type of 
localized, spontaneous, scaled-off pin- 
point perforation as a complication of 
duodenal ulceration is de.scribcd. 

2. Tlie possibility of a sealed-off pin- 
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point type of perforation of a duodenal 
ulcer should be looked for in all recur- 
rent ambulatory cases presenting 
symptoms which are more severe or 
unusnal. 

3. The incidence of this variety of 
walled-olf perforation is probably 
greater than has been suspected. 

4. In this form of perforation a small 
gas-bnbble in tire subhepatic area 
above and ontside of the duodenal 
contour may be recognized. 

5. It is generally associated with a 
recurrent active duodenal ulcer with a 
demonstrable niche defect. 


6. The air-pocket frequently contains 
a small amount of exudate or fluid. No 
barium entered the pocket in the cases 
presented. 

7. The subhepatic gas-bubble is best 
demonstrated on spot films in the erect 
position, utilizing the compression 
technique. 

8. Five cases are presented, of walled- 
off sealed pinpoint type of perforation 
occurring in recurrent chronic dnodenal 
ulceration. One of these was surgically 
explored and proved to have had a 
perforation. 
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This case of Hodgkin’s Disease is pre- 
sented because of: a) the co-existence 
of Kaposi’s Sarcoma, a rare and appar- 
ently unreported occurrence, and b) 
certain unusual clinical features. 

Case Report. M. P., a 54 year old white 
male, was first seen by one of us (RHG) on 
October IS, 1946. He had been on a reducing 
diet for 1 )'car, but despite stopping the diet 
had continued to lose weight for 2 months, 
and felt weak. On examination, his weight 
was 182 pounds, the blood pressure was 
150/80, the heart and lungs showed nothing 
notewortliy and a large, left upper quadrant 
abdominal mass was felt and thought to be 
spleen. No enlarged IjTnph nodes were pal- 
pated. The following day he was admitted to 
the hospital for diagnostic study. The physical 
e.vamination showed no additional findings. 
The following laborator)’ studies were ob- 
tained: Hemoglobin, 10.7 gm. (74%); red cell 
count, 3,690,000; white cell count, 4,000 (62% 
segmented neutrophils, 6% non-segmented 
neutrophils, 25% b-mphocvtcs, 4% monocytes 
;ind 3% young forms); platelet count, 180,- 
000, bleeding time, 2 minutes; coagulation 
time, 5 minutes; blood sugar 104 mg,%; blood 
urc.i nitrogen 13 mg.% protlirombin time 100%; 
Total proteins 5.9 gm.%; Blood uric acid 4.8 
mg.c. A fragility test showed hemolysis be- 
ginning at 0.44 and complete at 0'.32. An 
aspiration biopsy of the sternal marrow re- 
vealed no evidence of a leukemic process. 

Roentgen studies of the chest, iirinarv' tract, 
nail bladder, upper gastrointestinal tract, 
colon and long bones revealed only some 
evidences of gastritis and duodenitis and old 
tuberculous foci in the lungs. No mediastinal 
.idenop.athy w.rs demonstrated. A urinalysis 
for Bence-Jones protein w.is negative. An 
.ulren.ilin test did not produce abnonnal colls 
in the peripheral blood. 

Because of the mild anemia and sse.akncss, 
( 3 ^!) 


a blood transfusion was given. A splenic punc- 
ture was contemplated, but not performed. 
The patient was discharged witlr a diagnosis 
of “Splenomegaly of undetermined origin,” 
and seen subsequently as an out-patient. In 
December, 1946, Roentgen therapy to the 
spleen resulted in a decrease in size of that 
organ and a rise in hemoglobin to 94%. The 
following month, a few enlarged cervical 
Ijunph nodes were noted. From a biopsy of 
one of these (Dr. Davnd R. Meranze) “L)to- 
phoblastoma, probably Hodgkin’s Disease” 
was diagnosed. 

Beginning in March, 1947, the patient’s 
disease process gradually became more ac- 
tive, establishing a need for blood trans- 
fusions and Roentgen therapy. This support- 
ive therapy not being helpful, the patient was 
re-hospitalized in June, 1947', A high fever 
developed and the anemia and leukopenia be- 
came more severe. The wiiitc blood cell count 
v.aricd from 1200 to 2000 with 5 to 15% 
neutrophils. He developed gingival and rectal 
ulcerations. The rectal lesions progressed to 
an abscess which required incision. These 
lesions were kept under some control with 
penicillin and streptomycin. The anemia, how- 
ever, was unrelieved by numerous trans- 
fusions. 

At this time (July, 1947), despite the c.x- 
Ircme neutropenia, nitrogen mustard therapy 
was instituted (20 mg. in 4 days). The re- 
.sponse was dramaUc, with an immediate sub- 
sidence of fever. The mucosal lesions healed 
rapidly, nltliough no change was noted in the 
while cell count. Blood transfusions were now 
elfcctive in bringing his licinoglobin and 
crvtlirocyte count to a more tolerable level. 

'During this admission, be first began to 
compl.iin of pain in his toes and feet. An 
infiltrative skin lesion w.as noted, consisting 
of eiythcmatous scaling papules involving pre- 
dominantly the toes and the tibial crests. Tin's 
lesion w.as not affected by the nitrogen mus- 
t.ard therapy— the lesions and associated pain 
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remaining, although the general s}anptonia- 
tology was markedly improved by tlie drug. 
No skin biopsy was taken. The clinical im- 
pression was tliat of eitlier Hodgkin's cutan- 
eous infiltration or Kaposi’s Sarcoma. 

From July, 1947, until his death on Feb- 
ruary 23, 1948, the patient received 5 courses 
of nitrogen mustard therapy, and numerous 
blood transfusions. During each remission, 
which lasted on an average of 4 to 5 weeks, 
there was disappearance of fever, improved 
appetite, and a rise in the hemoglobin level. 

In 'September, 1947, an interesting hemato- 
logic development was noted. The white cell 
count, which had previously averaged 2000, 
rose suddenly to 6000 and then to 10,000. At 
that time tliere appeared * in tlie peripheral 
blood many primitive cells of the monocytic 
t)'pe, numbering 60 to 70% of the total white 
cell count. Within a few days the numbers 
of these cells diminished rapidly and the 
leukocyte count dropped to 3000. Death oc- 
cwred on February 23, 1948, during the 
eleventh hospital admission. 

Autopsy (9 hours after death). The body 
appeared moderately emaciated, with slight 
cyanosis and scleral icterus. There was ab- 
dominal distension, with moderate edema of 
the legs and ankles. The toes, feet and pre- 
tibial regions showed the presence of numer- 
ous raised, flat, greyish-purple nodules, aver- 
aging 4 to 7 mm. in diameter and 1 to 2 mm. 
in height. Many of these showed a tendency 
to confluence and most showed slight scaling. 
The superficial l)'mph nodes were not pal- 
pably enlarged. 

There was a left pleural eSusion of 1200 cc. 
and 7200 cc. of fluid in the abdominal cavity. 
Marked perisplenic adhesions were present. 
A mass of conglomerate lymph nodes, var)4ng 
from 1.0 to 3.5 cm. in diameter was present 
in the right anterior superior mediastinum. A 
mass of similar nodes was noted at the right 
lung hilum. The lungs showed moderate 
edema and congestion, witlr small foci of 
bronchopneumonia. Numerous small sub- 
pleural nodules, less than 1.0 cm. in diameter, 
were present. An old, fibro-calcareous lesion 
(tuberculous) was noted at the right lung 
apex. 

The heart weighed 330 gm., was slightly 
dilated and showed slight coronary sclerosis. 
The gastrointestinal tract was essentially nega- 
tive. The mesenteric lymph nodes were slight- 
ly enlarged. The liver was moderately en- 
larged, weighing 2550 gm., and showed alter- 
nate areas of swollen and collapsed lobules, 
with small hemorrhagic foci. There w^as slight 
cholesterolosis of tlie gall bladder mucosa. 

The spleen was markedly enlarged, weigh- 
ing 2120 gm. and measuring 28.0 x 18.0 x 


9.0 cm. The capsule showed irregular areas 
of thickening, beneath w'hich w'ere seen large, 
sharply-demarcated, yellowish-grey infarcts. 
The pulp w'as soft, dark-red and mottled. The 
central areas were slightly diffluent, probably 
due to incomplete fi.xation. 

The kidneys were slightly enlarged, haiing 
a combined weight of 440 gm. They showed 
slight surface granularity, wth small super- 
ficial retention cysts. The pancreas, adrenals, 
urinary bladder, prostate and testes were not 
I'emarkable. The brain was not examined. 

Histologic examination revealed e.xtensive 
Hodgkin’s lesions, involving the spleen, l)Tuph 
nodes, sternal, rib and vertebral marrow and 
w'ith small pulmonary and renal infiltrations. 
In addition, the bone marrow show'ed an 
essentially normal cellularity, with apparently 
normal maturation processes of the myelo- 
genous and erythroid elements. Sections of the 
skin lesions revealed neoplastic areas in the 
corium consisting of small, irregular blood 
vessels in a reticular and fibroblastic frame- 
w'ork. Erythrocytes were present in the ves- 
sels. Similar lesions were noted in areas of 
the lung, isolated from the Hodgkin’s lesions, 
and in a few lymph nodes. These secondary 
lesions showed a marked tendency to produce 
a more fibroblastic picture. Large angio- 
matous spaces were also seen in die spleen 
in the vicinity of tlie infarets. How'ever, these 
were considered to be peculiar reacti\'e 
changes radier than neoplastic. The liver 
show'ed an extensive subacute necrotizing 
hepatitis. 

The pathologic diagnoses were: 1) Hodg- 
kin’s sarcoma of spleen, lymph nodes and 
bone marrow, witli pulmonary and renal in- 
filtrations; 2) cutaneous angio-endothelioma 
(Kaposi’s sarcoma), witli lymph node and 
pulmonary metastases; 3) massive ascites; 
4) necrotizing subacute hepatitis; 5) cardiac 
failure with pulmonary edema and conges- 
tion; 6) terminal bronchopneumonia. 

Comment. This case offers several 
avenues for discussion, from both tlie 
pathologic and the clinical viewpoints. 
Although a number of instances have 
been cited of the co-existence of 
Kaposi’s sarcoma and leukemia^--'^ or 
lymphoblastoma"*, we have found no 
cases reported in which tliere was pres- 
ent Hodgkin’s disease and Kaposi’s sar- 
coma. Our reidew was based on tlie 
Quarterly Cumulative Index Medicus 
as a source of reference. Such cases, to 
be sure, have been seen, according to 
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Erf'’’ and Wolf (in a discussion of a case other IjTnphoblastomas and their vari- 
presentation by Rosen^). ants and leukemia, and the appearance 

If we are to consider these 2 lesions of one or anotlier of the l}Tnphoblas- 
( Hodgkin’s disease and Kaposi’s sar- tomas in successive examinations in the 
coma) as being primarily of reticulo- same patient has been frequently noted. 



Fin. 1, Ljinph node. Hodgkin's Disease {x650). 
Fig. 2 Bone" Marrow (vertebral). Normal area (x90). 


endothchal origin, their association Willis" suggests that Kaposi’s sarcoma 
should not be TOincidental. Numerous may be a variant of the iymphoblas- 
worker.s ( ret iewed bv Custer and Bern- tomas, with prominent skin lesions 
hard'’) have commented upon the inter- related to those of Hodgkin’s disease 
relationship of Hodgkin's disease, the and mycosis fnngoides. However, 
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Aegerter and Peale® feel tliat Kaposi’s trauma. According to this opinion, the 
sarcoma originates in the angioblasts, co-existence of Hodgkin’s disease and 
and tliat this condition is a variant of Kaposi’s sarcoma should be interpreted 
angiosarcoma. as an unrelated coincidence. 

On the otlier hand, Symmers® regards It is our belief that the two conditions 



Fig. 8. Subcutaneous tissue. Kaposi’s Sarcoma (x73). 
Fig. 4. Lymph node. Kaposi’s Sarcoma ( x 150 ) . 


Kaposi’s sarcoma as a type of fibrosar- present in the case reported are his- 
coma in which the seeming vascular togenetically related and that possible 
spaces are pseudo-sinusoids and the otlier coincident occurrences of these 2 
erydirocytes are extravasated into these lesions have not been fully appreciated 
spaces from nearby capillaries by and recorded. 
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In considering briefly tlie kindred 
nature of the lymphoblastomas, leu- 
kemia and Hodgkin’s disease, it might 
be interesting to comment on one of the 
clinical features of this case. We refer 
to the transient rise in total leukocyte 
count ( to 10,000 cells per c. mm. ) witli 
the appearance in the peripheral blood 
of large numbers (60 to 70%) of primi- 
tive mononuclear cells. These cells were 
similar to those noted in small numbers 
in the blood at the time of the first 
admission, and also to cells noted in 
the vascular spaces of the lymph node 
taken at the original biopsy. These cells 
probabl)' arose from the reticulo-endo- 
thelial system, being released into the 
blood stream from acti\'e foci of Hodg- 
kin’s disease. This temporary abnormal 
leukoc}'tosis, if viewed as an isolated 
finding in a patient M'ith splenomegaly, 
could be diagnosed as leukemia. Custer 
and Bernhard® have reported various 
transition stages histologically between 
Hodgkin’s or reticulum cell sarcoma 
and monocytic leukemia. It is only 
the changing clinico-pathologic picture 
which reveals the true diagnosis. 

Finally, it is felt that some comment 
should be made upon the use of nitro- 
gen mustard in this case. Although it is 


knowai to induce remissions in Hodg- 
kin’s disease, use of this drug has also 
resulted in severe depressions of tlie 
cellular elements of the bone marrow. 
'Iherefore its use where leukopenia is 
present should be regarded as fraught 
with danger. Desiiite a leukocyte count 
averaging 1000 to 2000 with marked 
neutrojrenia, however, and with full 
realization of the dangers, therapeutic 
dosage of nitrogen mustard tlierapy M'as 
attained. This resulted in no change in 
the leukopenia but produced dramatic 
clinical impro\'ement, includitig healing 
of the agranulocytic mucosal lesions. 
This would suggest that this drug 
might be tried in a susceptible disease 
jirocess e\'en in the face of a marked 
leukopenia. 

Summary, 1, A case of co-e.\istent 
Hodgkin’s disease and Kaposi’s sarcoma 
is presented, no previous case having 
been found by us in an e.vtensive search 
of the literature. 

2. The possible relationship of these 
2 disease processes, together M'ith the 
lymphoblastomas and leukemias, is 
briefly commented upon. 

3. The use of nitrogen mustard ther- 
apy in susceptible disease processes in 
the face of leukopenia is suggested. 
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The clinical diagnosis of ventricular 
aneurysms has depended chiefly upon 
roentgenological methods. In a small 
number a permanent bulging of the 
ventricular border is demonstrable in 
a chest film or by fluoroscopy. In a 
larger number of cases even careful ex- 
amination fails to reveal any deformity 
of the cardiac border, although careful 
fluoroscopy or fluorocardiography may 
give evidence of a systolic expansion of 
the ventricular walP. 

The antemortem diagnosis of a par- 
tial cardiac aneurysm can, however, be 
made in many cases on the basis of 
physical signs alone. For this reason the 
evaluation of any sign of diagnostic 
importance is worthwhile. 

One of the most outstanding, tliough 
. inconstant, findings is the presence of 
an abnormal cardiac pulsation in an un- 
usual position; in most cases tliis is 
noted mesial and craniad to the area 
of the apex beat. The pulsation may ap- 
pear witliin 6 days after a myocardial 
infarction^® and soon reaches its maxi- 
mum intensity. Sometimes it disap- 
pears as the connective tissue scar de- 
velops and shrinks, but ordinarily it 
persists for life. 

Auscultatory signs of partial cardiac 
aneurysm were described early. A 
strong abnormal cardiac pulsation 
with weak peripheral pulses and dis- 
tant heart sounds was considered to 
be a syndrome characteristic of a car- 


diac aneurysm^’®. In addition, gallop 
rhydim^^ and murmurs have been de- 
scribed. Aran^>® quotes Gendrin who 
found a “murmur double a temps 
separes”; a dry (“sec”), sibilant sys- 
tolic murmur was followed by a shorter, 
rougher (“rugueux”) diastolic one. 
These murmurs could not be attrib- 
uted to a mitral stenosis or to an in- 
sufficiency of the aortic valves. A sys- 
tolic and a diastolic murmur were also 
reported by PauP in a case of cardiac 
aneurysm. In a patient in whom the 
clinical diagnosis of a ventricular 
aneurysm was made, Remlinger^® found 
a systolic and a diastolic musical mur- 
mur over a circumscribed area about 
2 cm. above and lateral to the xiphoid 
process. These murmurs sounded as if 
an “ou” were followed by an “e”. The 
murmurs gradually diminished in in- 
tensity, presumably because the aneu- 
rysm filled vidth tlirombi. Autopsy re- 
vealed a partial cardiac aneurysm the 
size of a tangerine on the anterior wall 
of the left ventricle with a diameter 
of 5 cm. at the orifice. It was partly 
filled with layers of thrombi. Finally, 
Kasem-Beck^, in a 63 year old man 
with a cardiac aneurysm the size of an 
apple above the apical area of the left 
ventricle, heard a presystolic murmur 
which, in combination with a dull 
first and an accentuated basal second 
sound, led to the wrong infra vifam 
diagnosis of mitral stenosis. 


( 389 ) 
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In recent reviews^*® on the subject, 
dealing wth a larger number of cases, 
the absence of abnormal murmurs is 
specifically mentioned. For this reason, 
and because tliese murmurs have not 
been registered witli the stethogram, 
as far as we know, we decided to pub- 
lish the following 3 recent personal 
observations. This seems particularly 
advisable since the presence of the 
diastolic murmur may lead to the 
erroneous diagnosis of other cardiac 
lesions, as will be pointed out later. 

Case Reports. Case 1; J.B., a 69 year old 
colored woman, e.xperienced on April 20, 
1948, severe epigastric pain which was con- 
stant, dull, and of great intensity. It was 
accompanied by vomiting, and lasted for 5 
hours until an injection of morphine brought 
relief. The blood pressure fell from 132/90 
to 80/60. The white cell count was 10,500; 
the temperature rose no higher than 99.9°. 
In tire past history the existence of a clrronic 
duodenal ulcer was related. The patient ac- 
knowledged syphilis in her youth, and had 
received some treatment. The serological re- 
actions during the period of obervation were 
consistently negative. The heart sounds were 
always loud and pure. 

The electrocardiograms obtained on admis- 
sion showed (Fig. la) in the standard leads, 
the pattern of a left bundle branch block, 
without any other abnormalities. In the chest 
lead from position 2 (CF lead) there was, 
however, a distinct high take-off preceded by 
a wide and notched Q wave, proving the 
presence of a new anterior wall infarction. 
The chest lead in position 5 showed only the 
delay of the intrinsic wave over the left ven- 
tricle, which is characteristic of a left bundle 
branch block. An electrocardiogram obtained 
on June 11, 1948 (Fig. lb) showed that the 
bundle branch block had disappeared. The 
QRS complexes were slurred without being 
widened and the voltage was low. There was, 
in addition, a high take-off of the RST seg- 
ment in Lead 1, followed by a slight inver- 
sion of the T-wave. The R-wave was very 
low in position 2 and also in position 5 
of the chest leads. In the latter lead an invert- 
ed T-wave is visible. 

On June 9, 1948, a precordial pulsation 
was first noted above and inside the apical 
region. It impressed one as a small hemi- 
spheric bulge, a little more than 1 inch in 
diameter. A faint systolic and a diastolic 
gushing, high-pitched murmur were audible 
only over the pulsation. These murmurs per- 


sisted until the patient was discharged in 
July, 1948. A chest plate on June 15th show- 
ed an aneurysmal bulge on the lower left 
cardiac border (Fig. 2). A stethogram (Fig. 
3) was taken at the same time over the pul- 
sation witli a Cambridge unit. It revealed, in 
addition to a prolonged and occasionally split 



Fig. 3. Stethogram, taken over the pulsation in Case 




of poU.ifirm<: in Uio Jc>tno;;ram of tlic left lower cardiac kKirder 
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Asecond sound, a faint systolic and a pro- 
loi-^ed diastolic raunnur. The systolic mur- 
murX in most of tlie cycles had an increased 
amplitude of \'ibrations toward the end of the 
systole!^ and, at times, fused with the vibra- 
tions of ’-the second sound. The diastolic mur- 
miir filled :a 11 diastole and in some cycles was 
louder towcArd the end of diastole. The auric- 
ular contra^ition was accompanied by an in- 
creased intensity of tins murmur. Over the 
rest of jfyie heart, only pure sounds were re- 
cordg^. 

/'fhe patient died suddenly at home in 
September, 1948. 

/ Case 2: M.J., a 64 year old man, had been 
/hospitalized 2 years before bis attack of myo- 
I cardial infarction for hypertension (170/110) 
1 and congestive heart failure. At that time, the 
increase of blood pressure had already been 
known for 5 years. The gall bladder had been 


removed in 1941 because of cholecystitis. The 
patient was readmitted on September 17, 
1947, because of a continuous, sharp, con- 
stricting pain in the lower and mid-substernal 
regions, wliich radiated down both arms and 
up towards the neck. The pain began at 
midnight prior to admission and it waxed 
and waned until tlie patient entered the hos- 
pital. Associated s}'mptoms were dyspnea, 
cold sweats, and nausea. The pressure fell to 
128/96, the sedimentation rate rose to 85 
mm.; the urea nitrogen rose temporarily to 
37,5 mg. and the temperature to 101.1°. The 
wliite cell count was 14,250. There was no 
history of previous syphilis and the sero- 
logical tests were repeatedly negative. The 
heart sounds were distant and pure. A pro- 
todiastolic gallop rhythm was heard during 
the first few days after admission. 

The first electrocardiogram which was ob- 



C 


Fig. 6. Stethograms from die aorta (a), die pulmonarj' arterj’ (b) and the apex (c). 
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mon in cardiac aneurysms. A kymographic 
study showed absence of pulsations on the 
lower left cardiac border (Fig. 5). 

On October 1, abnormal pulsations over 
tire same area as in Case 1 were observed 
for tire first time; simultaneously, very loud 
systolic and diastolic murmurs were heard 
over the same region. During the following 
days the murmur became louder and reach- 
ed its maximum intensity by mid-October. 

A series of stethograms was taken on Octo- 


The murmur merged with tire first heart 
sound. Slightly mesial to the area of the pul- 
sation, over the 4th intercostal space, just to 
die left of the sternum, the diastolic mur- 
mur was still present, although diminished in 
intensity (Fig. 7b). The splitting of the first 
sound was probably related to the intraven- 
tricular block. 

On October 5, 1947, the patient suddenly 
developed severe pain in the right upper quad- 
rant of the abdomen, with marked dyspnea, 



Fig. 9, Electrocardiogram of Case 3, showing in tlie chest leads an abnormally low R-wave 

and an elevated S-T and T. 


ber 8, 1947. Over the aorta (Fig. 6a) the 
first sound is prolonged; the second sound 
is also prolonged and occasionally split. In 
some cycles tliere is a late systolic murmur, 
fusing witli the vibrations of the second 
sound. Pure sounds were registered over tlie 
pulmonar}’^ artery (Fig. 6b) while a tliird 
sound and an auricular sound were recorded 
over the apex (Fig. 6c). 

A loud diastolic murmur was registered 
over the pulsation of the aneurysm (Fig. 7a). 
It was continuous but increased in presj'stole. 


ortliopnea and sweating. The left leg became 
cold and tliere was severe pain. The blood 
pressure was 130/100. The patient was given 
oxygen, papaverine, aminophylline and mor- 
phine. Peripheral vein thrombosis and pul- 
monary embolism were diagnosed. The pa- 
tient recovered from this episode and con- 
tinued to improx’e. He xx'as discharged on 
November 12, 1947. He died suddenly in 
January, 1948. 

Case 3: L.K., a 65 year old man, came 
under obserx'ation with a history of a myo- 
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cardial infarction which had occurred 2 years 
earlier. For 5 %veeks prior to admission, tlje 
patient sufiered from nocturnal dyspnea. The 
heart was enlarged to die left and its left lower 
ooraer was clearly imeven on fluoroscopy. 
Fig. 8 shows die orthodiagram. A protodias- 
tolic gallop rhythm was audible over the 
apical area. A systolic pulsation extended to 
the midclavicidar line about 2 inches inside 
the apical area. Distinct systolic and diastolic 
murmurs were heard constandy over die pul- 
sation for an observation period of more than 
1 year. There was no history of and no find- 
ings due to a syphilitic infection. The blood 
pressure was 180/130 on the first examination 
and after compensation xsith digitalis it fell 
to 140/100. 

The electrocardiogram showed a P-R in- 
ters-al of 0.24 second (Fig. 9). There was a 
left a-xis deviation with inverted T-waves in 
Lead 1. The CR-2 lead was normal, whereas 
in CR-5 the R-wave was abnormally low and 
the RST-segment was abnormally elevated. 
The stethogram showed normal sounds over 
the ape.x and the aorta and a long diastolic 
murmur, lasting diroughout diastole over the 
pulsation of the aneurj'sm (Fig. 10). In this 
case as well die murmur was definitely ac- 
centuated toward the end of diastole. 

Discussion. All 3 cases undoubtedly 
had sustained a myocardial infarction. 
This is proved by llie t}'pical clinical 
syndrome and by classical electrocar- 
diograms, indicating tlie presence of a 
large transmural infarction of the an- 
terolateral wall of the left ventricle. 
The absence of an R-wave in the chest 
leads ov'cr the lateral wall of the left 
ventricle cannot be interpreted other- 
wise. 

Tlie patients show a persistent ele- 
vation of the RST-segment in Lead I 
and particularly in the chest leads taken 
over the infarcted area’’’-. This find- 
ing. wliich is common in transmural, 
"through and through” infarctions, is 
often misleading and makes the ex- 
amining physician diagnose a fresh in- 
farction. Since in patients vWth large 
transmural infarctions, aneurysms often 
develop, this electrocardiographic pat- 
tens is common in cardiac aneurv'.sm.s 
of the anterolateral wall of the left 
ventricle. 

.•Ml case.s had roetifcenologic findings 


of a cardiac aneurj'sm and circum- 
scribed bulging pulsations inside and 
above the apex area. In all cases sys- 
tolic and diastolic murmurs were heard 
o\'er this pulsation. The S}'stolic mur- 
mur was somewhat rough and short. 
The diastolic one was high-pitched, 
gusliing and soft; in all (or most) par- 
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ticulars it resembled the murmur heard 
ill aortic regurgitation. 

The last named lesion, insufficiency 
of tlie aortic valves, may easily be con- 
fused with a cardiac aneurysm because 
of tlie close resemblance of tlie mur- 
murs. It is well known that in patients 
with insufficiency of the aortic valves 
particularly of rheumatic origin, the 
murmur is also heard on tlie left lower 
sternal border, very close to the site 
at which the murmur of the cardiac 
aneurysm usually is found. Actually, 
in 4 cases, one of us made the diag- 
nosis of an aortic insufficiency despite 
the absence of its otlier signs, and yet 
autopsy revealed the presence of a 
cardiac aneurysm. This led us to pay 
particular attention to the auscultatory 
findings in this lesion. In the cases de- 
scribed in this paper, the absence of 
other signs of an aortic lesion, the pres- 
ence of the murmur only over the left 
lower sternal border, and (as in Cases 
1 and 2) its absence until some time 
after the occurrence of the myocardial 
infarction, made us rule out a lesion 
of the aortic valves due to a marked 
dilatation of tlie left ventricle. In one 
case of cardiac aneurysm described by 
Strandell, a diastolic murmur was 
heard, but autopsy revealed very rigid, 
calcified aortic valves. 

For the differentiation between a 
diastolic murmur due to an insufficiency 
of the aortic valves and that of a car- 
diac aneurysm, the stethogram is of 
help. The vibrations due to an aortic 
regurgitation are very high-pitched 
and have their maximum intensity 
either immediately after the second 
sound or at the time of the rapid filling 
in early diastole; those recorded in, 
our cases of aneurysm were present 
throughout diastole and experienced 
an increase in presystole. 

In addition to the diastolic murmur 
of an aortic regurgitation two other 
phenomena must be differentiated. 
One is a gallop rhythm or a diastolic 


third heart sound which often simulates 
a diastolic murmur. The roughness and 
evanescence of tliese extra sounds 
should make a distinction relatively 
easy, even witliout a stethogram. The 
second is a pericardial friction rub 
which may have two causes. One is 
due to dilatation of tlie heart per se. 
There is no doubt that even with a 
normal pericardium, dilatation of the 
left ventricle alone, particularly in chil- 
dren or in a person with a small chest, 
and even more often when the left lat- 
eral recumbent position is assumed, 
causes a fine, silky friction rub to ap- 
pear. Presumably this is due to the fric- 
tion between normal epi- and pericard- 
ium. Tliis friction rub usually can be 
recognized by its auscultatoiy qualities 
and by its dependence on die phase of 
the respii'ation. In rare cases a perma- 
nent friction rub is heard in patients 
whose earlier pericarditis caused thick- 
ening and roughening of die pericard- 
ium without leading to an obliteration 
of the pericardial cavity. This phe- 
nomenon too causes I'ibrations which 
are recognized by auscultation alone. 

To explain die origin of die aneurys- 
mal murmur is difficult. It was believed 
that the passage of blood into the 
orifice of the aneurysm, which often is 
narrower than die largest diameter of 
the aneurysmal sac, causes the mur- 
mur®. Our findings, which show that 
the murmur is louder towards the end 
of diastole, speak somewhat against 
this conception unless one assumes 
that the auricular contraction forces 
blood with still greater force into the 
aneurysm and causes a turbulence of 
blood with formation of whirlpools. 
However, it must be assumed that the 
amount of residual blood in the left 
^'entricle is greater dian usual and that 
the aneurysmal sack is not empty at 
the beginning of diastole. If one as- 
sumes that die blood is forced into the 
aneurysmal sack during systole to cause 
the systolic pulsation and the si^stolic 
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murmur, and that tire diastolic back- 
flow of blood into the left ventricle 
causes the diastolic murmur^', it is dif- 
ficult to understand why the mumrur 
should be louder at the end of diastole. 

Conclusions. In 3 cases of cardiac 
aneurysm due to myocardial infarction 
a diastolic murmur has been registered 


over the aneurysm witlr tire stethogram. 
The murmur is loudest towards the 
end of diastole. The mechanism of 
origin of this mumrur is discussed. 
These patients have a large trairsnrural 
infarction which causes permanent dis- 
placement of the RST-segment other- 
\vise seen only in tire acute phase of a 
myocardial infarction. 
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The remarkable and not infrequent 
affliction of the kidneys known as poly- 
cystic disease has been recognized for 
several centuries but its pathogenesis 
has yet to be delineated. The numerous 
theories advanced as to its etiology may 
be conveniently described under the 
categories of metabolic, inflammatory, 
neoplastic, and developmental defects. 

Etiology. Virchow^'* first suggested, 
on the basis of microscopic observa- 
tions, that structural changes in the 
kidneys in this condition were due to 
deposition of salts in the renal tubules 
with resultant tubular obstruction fol- 
lowed by formation of cysts. Subse- 
quently Virchow^^ suggested that papil- 
litis or pyelitis in fetal life might cause 
tubular fibrosis, obstruction and cystic 
change. Ribbert^'^ also suggested non- 
specific inflammatory changes during 
fetal life as the cause of the cystic 
changes but concluded that their effect 
was to prevent union of the uriniferous 
and collecting tubules. Numerous writ- 
ers^o.32 have suggested fetal syphilis as 
the cause of the tubular obstruction. 

Histologically many polycystic kid- 
neys present the picture of vigorously 
growing tumors and only recently 
Staemmler®^ has applied the term 
“cystadenofibroma” to these changes. 
Brigidi and Severi^, however, were the 
first to suggest that polycystic disease 
of the kidney represents a true neo- 
plastic process. 


Since KupflFer’^^ first demonstrated 
that the adult kidney is derived from 
two separate anlagen, there has been 
much speculation concerning how this 
peculiar process may influence the 
development of polycystic kidneys. 
Embryologically, the adult kidney is 
derived from the metanephros which 
forms the ureter and a series of 12 to 
14 generations of buds from it which 
form the collecting tubules. The glome- 
rulus, convoluted tubules and loop of 
Henle are formed from a condensation 
of mesenchyme overlying the budding 
metanephros and termed the “meta- 
nephric blastema”^'*. From his micro- 
scopic studies, Mutach-^ came to the 
conclusion that the cysts resulted from 
cessation of growth of the developing 
renal anlagen before union of the 
uriniferous and collecting tubules. 
Kampmeier^-'*, and McKenna and Kamp- 
meier^®, as a result of careful recon- 
structions of serial sections of fetal 
kidneys and in 1 case of polycystic kid- 
neys, were of the opinion that the fun- 
damental defect in a pol)'cystic kidney 
was failure of the 2nd to 4th genera- 
tions of uriniferous tubules to atrophy. 
They found that these generations of 
uriniferous tubules joined with similar 
generations of collecting tubules but 
later ( about the 3rd month of fetal life ) 
separated and remained for about a 
month as cystic tubules. Kampmeier^-’’ 
was able to demonstrate as many as 40 

( 390 ) 
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of these cystic tubules in each kidney 
of normal fetuses 3 months of age. A 
lew weeks later tliese tubules either 
atrophied or united witli the 5th or 
later generations of collecting tubules. 
Polycystic kidneys, then, might repre- 
sent a failure of atrophy of these par- 
ticular generations of uriniferous tu- 
bules. More recently Norris and Her- 
man-''®, on the basis of reconstructions 
of serial sections in 2 cases of infantile 
polyc)'stic kidney and 2 cases of adult 
pol}'cystic kidney disease, elaborated 
on Kampmeier s theory. They pointed 
out that many of the cysts undoubtedly 
are derived not only from uriniferous 
tubules but also from collecting tubules 
as noted by Forssman”. Also they found 
that there were anastomoses between 
the cysts in both prenatal and postnatal 
kidneys. They suggested that in poly- 
cystic disease of the kidney a much 
greater portion of the metanepliros than 
normal is provisional and that during 
fetal life rapid growth and anastomosis 
of these collecting and uriniferous 
tubule cysts occur so that when these 
fail to atroph)', polycystic kidneys 
result. .Moolten'®, on the basis of his- 
tologic studies, has suggested that the 
primary' defect is one of organizer 
action rather than one of cell compe- 
tence. He regarded congenital poly- 
cystic disease of the kidney as a 
disseminated hainartosis similar to tu- 
berous sclerosis and Lindau's disease. 

In contrast to the multitude of theo- 
ries. the amount of e.xperimental work 
reported on .which these theories have 
been based is small indeed. The foun- 
dation for these theories has been sim- 
ple microscopic anatomy and, in some 
instances, rcconstnictions of .serial .sec- 
tions. Petterson-'’’ and Tollcn.s'*'®, work- 
ing independently, first investigated the 
re.sults of renal tubular occlu.sion. Uti- 
lizing the rabbit, they cauterized or 
ligated the renal papillae and noted 
first a dilatation of the tubules followed 
shortlv by atrophv and obliteration of 


die epidielium and ending in a small 
contracted kidney which in no wav 
resembled a polycystic kidney. These 
e.\-periments, however, were not done 
on fetuses of rabbits, and it is possible 
that obstruction of the tubules of fetal 
animals would result in a different pic- 
ture from diat when the same pro- 
cedure was carried out on the adult. 
Hepler'h and Hinman and Hepler’'- 
studied the development of hydroneph- 
rosis in dogs produced b}' ureteral 
ligation and noted that simultaneous 
partial occlusion of the renal artery 
hastened the development of the hydro- 
nephrotic process. If only one branch 
of the renal artery is occluded and tlie 
ureter to that kidney is ligated, then 
cystic dilatation develops in the in- 
farcted portion of the kidney. Appar- 
ently renal ischemia in the presence of 
ureteral obstruction produces more 
rapid cystic change. The cyst, however, 
originates from the renal pelvis and 
does not iin'oh'e tubules derived from 
the uriniferous tubules as do the cysts 
in cases of congenital cystic kidney. 

Ritter and Baehr-'® injected the arte- 
rial tree with barium gelatin in 5 cases 
of congenital polycystic kidney, made 
roentgenograms, and noted a gross 
diminution in the number and size of 
the arterioles. This observation was 
confirmed by Schacht-'' who made his- 
tologic measurements of the ratio of (he 
diameter of the arterioles to the width 
of their walls. lie noted a decrease in 
this ratio in all polycystic kidneys that 
he e.xamined: that is, a decrease in the 
diameter of the lumen and an incrca.se 
in the width of flic wall. Schacht sug- 
gested this change as the cause of 
Inpertension in polycystic disease of 
the kidnev, whereas Ritter and Rachr 
advance the hypothesis that arteriolo- 
sclcrosis is the” cause of polycystic dis- 
ease itself. 

Bagg* has been the only one to pro- 
duce a polycystic kidney experimen- 
tallv. Tin's was done by unfilfered 
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Roentgen irradiation of the abdomen of 
one generation of mice, and careful 
examination of all their descendants. 
Polycystic kidney, renal aplasia, horse- 
shoe kidney and other congenital 
anomalies appeared in a certain per- 
centage of the members of the 3rd and 
4th generations. He found tliat the 
tendency to congenital renal anomalies 
was inherited as a Mendelian recessive. 
No attempt has been made to relate 
irradiation to the development of con- 
genital polycystic renal disease in 
human beings, altliough with the 
increasing use of radioactive isotopes 
such work would be of considerable 
interest. 

Thus, with this one exception, the 
mechanism of which is unknown, it 
has been impossible to produce poly- 
cystic disease of the kidney in die 
laboratory. The most tenable theory at 
present is the one first suggested by 
Felix’^^, and later elaborated by Kamp- 
meier^^, that the uriniferous tubules 
of certain generations fail to atrophy 
or reunite widr the collecting tubules 
resulting in the presence of a function- 
ing glomerulus with no means of 
excreting the urine formed and the 
consequent development of multiple 
glomerular and tubular cysts. Undoubt- 
edly the development of associated 
renal arteriolosclerosis has a great 
influence on the progression of poly- 
cystic disease of the kidney. 

Present Study. The present report is based 
on study of 2 groups of cases; tire first is 
composed of 207 cases of polycystic disease 
of the kidney seen at the Mayo CUnic from 
1932 through 1947, and the second, of 46 
cases of polycystic disease of tire kidney in 
which complete necropsy data were obtained 
during the years 1920 through 1947. Of the 
patients in the first group 44 have been 
followed, usually by letter, rmtil deatli, and 
2 more have died and undergone necropsy at 
the clinic. The latter 2 have been included in 
the second group of 46 cases. Ninety-nine 
patients in tbe first group have been traced 
by letter or seen rvithin tire 12 months prew- 
ous to August, 1948, and are still alive. We 


have been unable to trace 62 patients. In all 
cases the diagnosis has been verified by: 1, 
intravenous or retrograde pyelograms; 2, by 
examination of tire kidneys at the time of 
operation or, 3, at necropsy. 

Duration of Life. The age of .the 
patients when tliey first registered at 
the clinic is given in Table 1. The aver- 
age age at death was 49.3 years when 
tliose infants dying before the age of 
6 months of the infantile variety of 
polycystie disease of tlie kidney were 
excluded (Table 2). As tliis whole • 
series extends over a relatively short 
period of time relative to life expectancy 
(only 17 years have elapsed since the 
first patient came to the clinic ) , it might 
seem that those patients who have died 
thus far had, in general, tlie more 
severe types of polycystic disease of 
die kidney, and the average life expect- 
ancy should be corrected upward. 

TABLE 1. AGE AT TIME OF DIAGNOSIS 
AT CLINIC AND SEX DISTRIBUTION 


Age 

years and sex 


Cases 

% 

0-9 


6 

3 

10-19 


2 

1 

20-29 


18 

9 

30-39 


71 

34 

40-49 


56 

27 

50-59 


41 

20 

60 or more 


13 

6 

Total 


207 

100 

Sex 

Males 


94 

45 

Females 


113 

55 

Total 


207 

100 


TABLE 2. AVERAGE DURATION OF 
LIFE (EXCLUDING INFANTILE 
VARIETY) 

Traced Average 
patients age, years 

Patients first seen before 1943, 


still living 

Patients who have died (e.x- 

55 

51.5 

cluding tlie infantile type of 
polycystic kidney) 

85 

49.3 

Duration of life after onset 



of S)Tnptoms 

Duration of life after onset 

43 

9.3° 

of azotemia 

17 

2.2° 


^ Duration in years after onset of s}Tnptoms. 
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Hence, tlie average age of all patients 
who were traced and found to be still 
alive 5 years or more after the diag- 
nosis was made was determined. This 
was 51.5 years. Obviously the life 
e.xpectancy of these patients is an 
indeterminate number of years greater 
than 51.5, yet tliey must be included 
witli the previous group to form an 
accurate appraisal of tire true life 
expectancy of a patient with polycystic 
disease of tlie kidney. So, although the 
life expectancy of the average patient 
\wth polycystic disease of tlie kidney 
cannot be determined exactly from 
these data, it must be somewhat more 
than 50 years. The necropsy data also 
suggest that many patients with this 
disease may live a normal life span, for 
it may be seen tliat 22% of the patients 
lived to be 60 years of age or older. 
Also, we are in correspondence with 
2 patients, 84 years of age, who have 
polycystic disease of the kidney which 
was first diagnosed 16 and 10 years ago 
respectively and who are at this time 
in good health. 

We were able to date the onset of 
snnptoms of 43 patients with a reason- 
able degree of accuracy and follow 
them until death. The time interval 
ai’craged 9.3 years. The 17 patients for 
whom wc could more or less accurately 
detennine the onset of azotemia (as 
indicated by a concentration of urea in 
the blood of more than 40 mg. per 
100 cc. ) lived on the average of 2.2 
I’cars, and 1 patient lived SVi years. 
This strikes a somewhat more optimistic 
note than .some figures in the literature. 
Xolan-- said, for example, that 507 of 
[laficnts who have polycystic hidneys 
arc dead 4 vears after the diagnosis is 
made. Oppenheimer^'. however, has 
renorted on a scries of 60 patients 
whose average age at death was 50 
vears, and whose average age at the 
onset of svmptoms was 41.5 vears. Our 
data suggest that the evalution of anv 
therapeutic procedure must be tem- 


pered by tire fact tliat present conserva- 
tive medical measures may result in a 
life e.xpectancy after the onset of s)Tnp- 
toms of almost 10 years for the av'cragc 
patient. In 199 of the 207 cases studied 
no specific treatment was suggested. In 
8 cases, puncture of tlie cysts, the 
Rovsing procedure, was performed. 
Tliis was done primarily for the relief 
of intractable pain. 

Clinical Data. The sex distribution 
in our 207 cases was essentially the 
same as that reported by Braasch and 
Schacht^ in 1932, which showed no 
predilection for either sex. In about a 
tliird of tlie patients we were able to 
elicit a family history' of poly'cy'Stic Sid- 
neys and, in a fourtli more, a question- 
able familial history of the disease; for 
example, tlie mother and two brothers 
of 1 patient died of kidney disease 
(Table 3). The difficulty of e.xamining 

TABLE S. FAMILY IIISTOnV OF POLY- 
CYSTIC KIDNEY 

Family histor>* Cage's ^ 

Po-vitive and definite , 72 34 

Questionable 55 27 

Negative 80 39 

Total 207 100 

all relatives of patients living at a dis- 
tance from the clinic prevented 
accurate tracing of a sufficient number 
of families to establish the manner of 
inheritance of this condition. Bell- has 
expressed the opinion that polycystic 
kidneys are inherited as a Mcn'delian 
dominant although enough complete 
geneologics have not been made to 
cstabli.sh this conclusively. We have 
referred previously to the ofiservalion 
of Bagg' tliat the descendants of 
irradiated mice inherited polycystic 
kidneys as a recessive tendency. Nu- 
merous instances of polycystic kidneys 
in families have been noted; 17 of 40 
members of one family'’', 9 of 27 mem- 
bers of 4 generations in another'”. 5 
children of the .same mother", and 6 
persons in 2 generations of the same 
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family-^ have had polycystic kidneys. 

The main presenting complaints of 
our 207 patients at the time the diag- 
nosis of polycystic kidneys was made 
are given in Table 4. The pain for 

TABLE 4. CLINICAL DATA 


Presenting complaint or findings 

Cases 

% 

Presenting complaint 



Lumbar or abdominal pain 

58 

28 

Presence of abdominal mass 42 

20 

Elevated blood pressure 

35 

17 

Frequency, urgency or burn 

- 


ing on urination 

36 

17 

Painless hematuria 

26 

13 

Hematuria and renal pain 

21 

10 

Kidney failure (edema. 



uremia and so forth) 

2 

1 

None related to kidneys 

39 

19 

Findings on physical examination 


Elevated blood pressure 



(more than 140 mm. of 



Hg. systolic or 90 mm. 

146 

73 ” 

diastolic ) 

(of 200) 


Palpable, enlarged kidney 

150 

721 

or kidneys 

(of 207) 



^ % of 200 cases in wliicli blood pressure 
was recorded, 
f % of 207 cases. 


which about two-fifths of these patients 
came to tlie clinic had no definite pat- 
tern. It was located in the lumbar 
region or upper or lower part of the 
abdomen. It was usually nagging and 
dull, aldiough attacks of colic were not 
uncommon. Colicky pain sometimes 
was associated with hematuria as a 
result of the ureteral spasm while blood 
clots were passed and in some cases 
it was an indication of associated renal 
calculi. 

Of our 207 patients 20% came 
to the clinic because of the presence 
of an abdominal mass, discovered 
either by themselves or by their phy- 
sicians. One-sixth of the patients came 
to the clinic because of the previous 
finding of high blood pressure. This 
furtlier emphasized the frequent occur- 
rence of hypertension in cases of poly- 
cystic disease of tlie kidneys, a point 
first noted by Braasch® in 1916. The 


rather large number (17%) of patients 
whose presenting complaints were of 
urinary frequency, urgency, burning or 
incontinence, emphasizes the frequency 
of renal and vesical infection in cases 
of polycystic kidneys. Sulfonamides, 
penicillin and streptomycin are of 
invaluable aid in die. treatment of these 
common complications of polycystic 
disease of the kidney. The high inci- 
dence of painless hematuria in patients 
widi this disease has been emphasized 
but is not entirely substantiated by our 
series since it was noted by less than 

12% of our patients^®47 

A blood pressure consistently higher 
than 140 mm. of mercury systolic or 90 
mm. diastolic, in 73% of our cases is in 
accord with Braasch and Schacht’s^ 
observations. The fact that almost 72% 
of the patients on admission had pal- 
pable, enlarged kidneys (one or both) 
re-emphasizes die importance of this 
feature in the diagnosis of polycystic 
disease of the kidnev. 

The ocular fundi were examv'ed in 
105 of our 207 cases. In 71.5% changes 
typical of hvpertension were noted, 
and, although an attempt was made to 
correlate these findings with the sever- 
ity of the hvpertension and the extent 
of renal failure (Table 5), no clear-cut 
evidence was obtained. 

TABLE 5. CHANGES IN OCULAR 
FUNDI IN 105 CASES 


Ocular lundi 

(changes, grades, 1 to 4° ) 


Blood pressuie 

Normal ( less than 

Noniial 

1 

2 

3 4 

140/90) 

Between 140/90 

9 

2 

2 


and 180/110 

14 

13 

4 


More than 180/110 
Elevated blood pres- 
sure and elevated 
concentration of 

2 

12 

8 

1 

blood urea 

5 

21 

9 

1 2 

Total 

30 

48 

23 

2 2 


“ Based on classification of Wagener, H. P., 
and Keith, N. M.: Diffuse Arteriolar Disease 
With Hypertension, and Associated Retinal 
Lesions. Medicine, 18. 317, 1939. 
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The intravenous pyelogram usually 
presented a tj'pical appearance. The 
calices were elongated and there was 
some blunting and irregularity of 
outline. 

Albuminuria, pjairia, and somewhat 
less frequently, hematuria, were noted 
in most of tlie patients with polycystic 
disease of the kidney. The high inci- 
dence of pyuria (Table 6) suggests 


TABLE 6. LABORATORY STUDIES 


Cases 


Alhumimiria 

None 

46 

22 

Grade 1 to 2-f 

143 

69 

Grade -3 to 4-f- 

IS 

9 

Ucmatiiria 

None 

156 

75 

Grade 1 to 2-f- 

33 

16 

Gradc 3 to 4-4- 

18 

9 

Pjuria 

None 

64 

31 

Grade I to 2'f 

121 

58 

Grade 3 to 4-4- 

22 

11 

Elevated walue for blood 

iirea (more than 40 

— *> 

36 

mg. per 100 cc.) 

(of 198) 


.Associated nephrolitliiasis 

29 

14 


again the frequency of infections of 
the urinan' tract in these patients. 
Nitrogen retention as indicated by elc- 
% ated leA’cls of blood urea in more than 
a third of the patients on the occasion 
when their polycystic kidneys were first 
noted, indicates how long they are able 
to get along without s\'mptoms. The 147 
incidence of nephrolithiasis is not as 
iiigh as some authors have reported 
(Oppenheimer-' noted 2-3.77 in a series 
of 60 case-s). but appears to us to be 
significant. Hyperparathyroidism sec- 
ondarj’ to renal failure of long duration 
may be considered as a possible cause 
of the calculi, but of tlic 29 patients 
who had renal calculi, onlv 11 had an 
elevated concentration of urea in the 
blood. This is .3S7 or essentially the 
same incidence found in the group 
without stones. Stagnation of urine, 
infection and su])sequcnt formation of 


calculi, therefore, seem more likely to 
be tlie pathogenesis. 

The electrocardiograms in these 
cases showed no changes otlier than 
those which might be e.xpected as a 
result of hjqiertensiou of some duration. 
Left a.\is deiiation was the most com- 
mon finding and was noted in 717 of 21 
cases in which electrocardiograms were 
made. Changes in T waves were not 
infrequent, as inverted T waves were 
present in Lead 1 in 297, in Lead 2 in 
197 and in Lead 3 in 247 of cases. Only 
1 instance of right axis deviation was 
noted. 

Necropsy Data. Data derived from 
46 necropsies on patients who had 
polycystic disease of the kidney arc 
given in Tables 7 to 9. Several features 
may be noted conceniing the age at 
death; 1, the high incidence of children 
less than 1 year of age, and, 2, the low 
incidence of patients from 1 to 40 years 
of age. The first point has been men- 
tioned by Bell who regarded polycystic 

TABLE 7. NECROPSY DATA IN 46 

CASES CONCERNING AGE AT DEATH. 


SEX DISTRIBUTION. 

KIDNEA'S 

IN- 

VOLA^ED AND SIZE 

AND W'EIGHT 

OF HEART 


Age (yc.ars) distribution; 

Cases 

go 

0-1 

9 

20 

1-9 

0 

0 

10-19 

2 

4 

20-29 

1 

.a 

30-39 

2 

4 

40-49 

n 

24 

50-59 

II 

24 

60-69 

.5 

11 

70 or more 

.7 

n 

Tot.al cases 

46 

1(K) 

Se\ distrilmtion: M.des 

31 

74 

Females 

12 

26 

Kidness iiuoK cd: One 

6 

13 

Botfi 

40 

87 

He.ul. si/e and ss’eiaht: 

Hypertrophy of Iie.irt 
noted 

24 

52 

.Average weight of these 

li\ pertrophied hearts 

512 gill." 


“ 2 cases of \-alvnlar Iieart disease eschided 
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TABLE 8. CAUSE OF DEATH IN 

46 

CASES 

Cases 

% 

Kidney failure with uremia 

9“ 

20 

Myocardial infarction 

6 

13 

Cerebral hemorrhage 

41 

9 

Cardiac failure 

31 

7 

Multiple congenital anomalies 

3 

7 

Prematurity 

3 

7 

Generalized peritonitis 

6 

13 

Postoperative, 4 
Postirradiation, 1 




After perforated appendix, 1 
Paralytic ileus (postoperative) 1 
Lobar pneumonia 1 

Bronchopneumonia 2 

Pulmonary edema 1 

Suppurative bronchitis 1 

Lupus erythematosus 1 

Spongioblastoma multiforme 1 
Pulmonary tuberculosis 1 

Hemorrhage from ruptured 

esophageal varices 1 

Cerebral thrombosis 1 

Basilar meningitis 1 

“ One case of chronic glomerulonephritis 
included. 

f Case of one infant with cerebral hemor- 
rhage as a result of birth trauma included. 

t One case of rheumatic endocarditis 
included. 


.TABLE 9. ASSOCIATED CONGENITAL 
ANOMALIES ENCOUNTERED IN 46 
CASES OF POLYCYSTIC DISEASE 
OF THE KIDNEY AT NECROPSY 


Associated congenital anomalies Cases % 

Polycystic liver 15 33 

Polycystic pancreas 4 9 

Polycystic spleen 1 2 

Cardiac defects 4 9 

Defects of nervous system 2 4 

Genito-urinary defects ( other 

than polycystic kidney) 6 13 

Defects of gastro-intestinal 

tract 3 7 

Defects of the musculoskel- 
etal system 2 4 

Total 37 81 


disease of the kidney in children as a 
distinct sub-group. In cases of infantile 
polycystic kidney disease tliere is also 
an unusually high incidence of otlier 
congenital anomalies. In 7 of the 9 
cases in our series, multiple congenital 


anomalies were present. It would 
appear that some major defect in 
embryonic life affecting most of tire 
organs of the body produces tliese 
cases of infantile polycystic kidney 
disease. The low incidence of death 
from polycystic disease of the kidney 
in the age group from 1 to 40 years 
suggests that some process of aging 
as well as polycystic disease of the 
kidney per se may be operative in 
causing these deaths. Hinman’s data^^ 
demonstrating tire rapidity with which 
cystic damage proceeds in a kidney 
witli impaired blood supply, togetlier 
with the data of Schacht”®, and of 
Ritter and Baehr^® on arteriolosclerosis 
in polycystic kidneys, is suggestive that 
polycystic kidneys may experience no 
serious functional difficulty until im- 
paired blood supply weakens the 
parenchyma and supporting tissue to 
permit rapid development of the cysts. 

The finding of unilateral polycystic 
disease of the kidney in 13% of tire cases 
studied at necropsy is somewhat 
unusual, although such cases have been 
reported. Fevre and Tran Van Hoa® 
found 11 cases (68%) of unilateral dis- 
ease in 16 cases of polycystic kidneys 
among children. Bell- reported 8 cases 
of unilateral involvement in a series of 
48. Lejars^® noted 3 cases of unilateral 
polycystic kidney in his series of 62 
cases. Oppenheimer-^ and Lowsley 
and Curtis^"^ reported tliat in series of 
60 and 53 cases, respectively, tliey 
found no cases of unilateral polycystic 
kidney. Tlie impossibility of verifying 
the diagnosis of polycystic disease 
affecting only one kidney without 
necropsy data vitiates much of such 
data, however. 

The causes of death (Table 8) in this 
series show some interesting features. 
Slightly under a fifth of the patients 
died as a result of renal failure. Even 
if deaths from tlie effects of hyperten- 
sion accompanying polycystic kidney 
disease (cardiac failure, myocardial 
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infarction, and cerebral hemorrhage) 
are included, the incidence is still less 
than 305c. The high postoperative 
mortality rate (5 deaths may be noted 
in Table 8) might suggest, as was once 
felt, that patients with polycystic renal 
disease are poor surgical risks. The fact 
that all but ore of these deaths 
occurred before the days of sulfona- 
mides and penicillin indicates that this 
is no longer true. 

The incidence of associated con- 
genital anomalies is shoum in Table 9, 
and reaffirms tlieir reported frequency. 
Polycystic disease of tlie liver in par- 
ticular, is associated witli poh'cystic 
disease of the kid^^ey. Moschcowdtz-® 
reported an incidence of 19? and 
Oppenheimer*^ 28.5? of cystic involve- 
ment of the liver in tlieir series of 
cases of polycystic disease of the kid- 
ney. There were no s\Tnptoms in our 
entire clinical group of 207 cases sug- 
gestiA'e of polycystic disease of the liver 
although Waterson and Morgan”'* 
reported a remarkable instance of 
jaundice in a patient known to have 
polycystic disease of the kidney. Tlie 
jaundice in this case was relieved by 
evacuation of 284 cc. of fluid from cysts 
in the liver. 

Cardiac h\T)crtrophv was noted in 
52.3? of our 46 cases in which necropsv 
was performed; the a\'erage weight of 
the hearts, exclusive of those with 
associated vabular heart disease, was 
512 gm. The largest weighed 712 gm. 
Tills is somewhat at variance with the 
c.vpericnce of Bell- who reported min- 
imal. if any, cardiac hypertrophy in 
this disease. 

Summar)' and Conclusions. From 
our study, we may conclude that the 
typical patient with congenital poly- 


cj'Stic disease of tlie kidneys will have 
a family history of renal disease and 
may expect ssnnptoms to appear during 
the fourth or fifdi decade of life. Tliese 
S)Tnptoms in about tivo-fifths of the 
cases will consist of dragging abdom- 
inal or lumbar pain accompanied b\- 
some abdominal enlargement. A histoty 
of recurrent infections of the urinaty 
tract and possibly renal colic may be 
elicited. On examination one or both 
kidneys may be palpated as irregular, 
hard masses. The blood pressure will 
probably be found to be moderately 
elevated with minimal to moderate 
h)qjertensive changes in the ocular 
fundi. Laboratoty examinations may 
reveal albuminuria and pyuria of \’aty- 
ing degrees. The intravenous pyelo- 
gram will show' elongated calicos with 
some blunting and irregularity of 
outline. Such a patient ordinarily will 
have a life expectancy of approximately 
10 years after the onset of .symptoms 
and has a fair chance for a normal life 
span. A poor prognosis is indicated by 
increase in the size of the kidneys, 
increase in severity of symptoms, 
progression in associated In'pertensive 
vascular disease or advancing impair- 
ment of renal function. 

Clinical data arc presented on 207 
proved cases of congenital polycystic 
disease of the kidnev and certain com- 
mon features emphasized. A more 
optimistic attitude toward such patient.s 
is suggested by an average age at death 
of almost 30 vears. Necropsy data in 
•16 cases of polycystic disease of the 
kidney reveal a frerinency of unilateral 
polvcystic disease, the common occur- 
rence of associated concenital mal- 
formations. and differential features 
between infantile and adult polycystic 
disease of the kidnev. 
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DIABETIC NEPHROPATHY 


By Eugene I. Zixs, M.D. 
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Focal hyalinization in tlie inter- 
capillaiy connective tissue of the kidney 
in diabetes mellitus was described in 
1936 by Kimmelstiel and Wilson^®. 
They termed tliis newly recognized 
lesion intercapillaiy' glomerulosclerosis 
and related it to a clinical syndrome. 
Characterizing the latter in addition to 
diabetes mellitus was proteinuria, 
rvidespread edema, hypertension and 
eventual renal failure. 

Murakami^', shortly after the original 
publication, also recognized the lesion 
in a diabetic. In 1938 Anson- con- 
cluded that die histologic findings of 
intercapillar)' glomerulosclerosis may 
be anticipated if the patient has hyper- 
tension and mild diabetes. Derow, Alt- 
schule and Schlesinger^ in 1939 pub- 
lished several case reports of intcr- 
capillai)' glomerulosclerosis and dis- 
cussed the specificity of the lesion. 
Widespread vascular degeneration was 
proposed as a factor in the patho- 
genesis by Newburger and Peters’^ in 
1939. Porter and Walker’"’ presented a 
discussion of the clinical syndrome, as 
did Sicgal and Allen’*’’. Herbut’ found 
11 characteristic examples of inter- 
capillan- glomenilosclcrosis in a large 
number of autopsies. An excellent 
studv was conducted by Allen’, After 
finding the lesion in 33" of diabetic 
patients of 40 years or more, he con- 
cluded that a new and more reliable 
criterion was available for the post- 
mortem diagnosis of diabetes mellitus. 

The clinical S)-ndromc is not recog- 
nized ns frequently as is the kidney 
lesion. This suggests that the glomeru- 
lar changes do not always result in 
(tns) 


a nephrotic Inqiartensive patient. In 
this regard, Laipply, Eitzen and 
Dutra” tried to correlate the pathologic 
and clinical components of the syn- 
drome, and found no constant relation- 
ship. 

At present most authors’’®’’’”-”'”’ 
agree tliat tlie renal lesion is rare in 
people who do not have diabetes. 
Siegal and Allen’® found the lesion in 
only 1 case during the examination of 
200 non-diabetic kidneys. By contrast, 
Horn and Smetana® contend that early 
examples of focal hyalinization may be 
found in many non-diabetics who have 
other kidney patliology. Their con- 
clusion is based upon finding the lesion 
in nephrosclerosis, generalized arteri- 
osclerosis and glomcniloncphritis. Con- 
solidating much of the infonnation 
available in the literature, Kimmelstiel 
and Porter® recentlv presented an out- 
standing review o^ the diabetic .syn- 
drome. 

The purpose of tin's report is to 
assist in achieving a ncccssar)' reorien- 
tation. The validity of unconfirmed or 
partially confirmed presumptions must 
be determined. Whether or not this 
lesion is pathognomonic of diabetes 
has been questioned. A high incidence 
in the diabetic alone would be of in- 
estimable di.agnostic value to the 
pathologist. Present histologic methods 
of diagnosis of diabetes are difficult to 
interpret accurately. Recognition of 
foc.al hyalinization. by contrast, pre- 
sents little difficulty with routine stains. 

Tlie clinical aspects of the condition 
also need clarification. 'Die end stages 
of the disease have received mucli 
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attention in reports stressing the 
features originally described by Kim- 
melstiel and Wilson. Uncertainty still 
exists concerning the clinical recog- 
nition of the early pathologic lesions. 

Questions of morphology remain. 
Laipply, Eitzen and Dutra^^ have 
expanded the criteria set by Kimmel- 
stiel and Wilson^®. The former describe 
fibrosis of tlie glomerulus as an early 
stage of intercapillary glomerulo- 
sclerosis. Their statistics show a rise 
over all former reports, due to this 
interpretation. The question, however, 
is open to further investigation and 
will be discussed below. 


The blood pressure reading selected was 
taken to represent the patient in liis most 
basal condition. Instances existed where com- 
plications obscured tlie true readings. There- 
fore, hypertension in most cases was con- 
firmed by tlie size of the heart at necropsy. 
Separation of the normal from tlie hyperten- 
sive group was accomplished by using sys- 
tolic pressure of 150 mm. and diastolic pres- 
sure of 90 mm. as the point of division. 

The clinical charts were examined for 
data as to sex, duration of tlie disease, pro- 
teinuria, azotemia, and the nephrotic syn- 
drome. 

To correlate the lesion with the duration of 
diabetes the patients were divided into groups 
of 5 year intervals up to 15 years’ duration. 
All tliose above the latter figure were grouped 
togetlier. The information m many cases was 



Fig. 1. Diabetic glomerulus demonstrating diffuse involvement of walls of the capillaries. 
Classified as “minimal” intercapillar}' glomerulosclerosis. 


Material and Method. Fifty consecutive 
autopsies of diabetic men and women were 
reviewed. Sections of kidneys were studied 
with a modified Masson trichrome stain ac- 
centuating connective tissue. The lesion when 
found was reported as minimal, moderate or 
severe.The cnteria for this classification are dis- 
cussed in our consideration of the morphology. 

Grading the severity of diabetes was done 
arbitrarily on the basis of insulin requirements 
daily as determined from the chnical his- 
tories. Diabetes was considered mild if up to 

15 units of insulin were required; moderate if 

16 to 40 units; and severe if 40 or more units 
were required daily. 


quesbonable, these were called “unknown 
duration” and eliminated from consideration. 
For further elucidation the average duration 
of diabetes was anal}’zed and graphed. 

Patients were regarded as having had mod- 
erate nitrogen retention or azotemia when tlie 
blood urea nitrogen was in the range of 40 
to 60 mg. per 100 cc. Arbitrarily all above 
die latter figure were called uremic. In many 
cases renal and pre-renal azotemia due to 
heart failure could not be differentiated. 

The nephrotic syndrome includes patients 
wath plasma proteins below 5.5 gni. per 
100 cc., proteinuria of long standing, gen- 
eralized edema and hypercholesterolemia. 
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When the cholesterol was not reported but 
other criteria were t}’pical we did not hesi- 
tate to include the case in our group. 

in demonstrating the relationship of inlcr- 
capillary glomerulosclerosis and arterioscle- 
rosis, we used gangrene as indicative of ad- 
vanced peripheral vascular disease. In all 
these cases amputation had been performed 
or a gangrenous lesion was found at autopsy. 
While many extrinsic factors exist in the 
ctiologv of gangrene in diabetes, advancing 
arterial and arteriolar sclerosis is the basic 
defect. In an attempt to relate the two patho- 
logic processes others have compared the de- 
gree of renal vessel sclerosis with the stage of 
development of intercapillary glomerulosclero- 
sis. Wc have approached the problem (com- 
paring pcripher.il vascular pathology with 


cumferential laminated structures con- 
taining a few very small vacuoles. Thi.s 
hyaline does not react positively to 
stains that show amyloid. It is acid- 
ophilic with hemato.xylin and eosin 
and stains green wntli modified Masson 
trichrome stain. Around the spherical 
lesion there are flattened cells in con- 
centric layers. The center of the lesion 
usually contains no cells, but on 
occasion the remnants of a pyknotic 
nucleus may be found. The size varies 
from that of a small number of cells 
to ini'olvement of an entire glomerulus. 
In the late stages the latter is often 



Fic. 2. .'V typic.nl splierical hy.nline body in the glomemhis of a di.nbctic. Classified ns “mod- 

erate” intcrcapillarj- glomerulosclerosis. 


advancing diabetic nephropathy) to re.ich a 
s'onclusion fortified by addilion.iJ facts. 

The controls used in the c.stiination of the 
histologic lesion were 50 non-diabetics of a 
corresponding age group with fcidnev ins oh e- 
nient such as benign nephrosclerosis, chronic 
glomerulonephritis, and chronic pseloncph- 
ritis. 

NfoitritOLocv or nu: Lksios. T1»p 
I vpical lesion consists of .spherical, 
dense hvalinized material between flie 
glomenilar tufts which appear homo- 
geneoiis under losv power. Under 
higher magnification one can see cir- 


shrunken. Tliickening of the afferent 
arteriole is often seen. 

.All degrees of involvement may he 
found in one glomcntlns or it is pos- 
sible to find only one lesion in several 
.sections of tiic kidney. In sections 
showing the lesions many of the 
gjomemli show evidence of fibrosis, 
'file lesion may not be apparent in the 
tvpical spherical form, hnt focal or 
diffuse fibrosis of tiic connective tissue 
of the glomenilns leads to more intense 
studv and eventually the hyaline oval 
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mass will be found. For this reason we 
recognize glomerular fibrosis as a lesser 
involvement which may progress to the 
spherical lesion. Otliers^’^ have reported 
this stage of intercapillary glomerulo- 
sclerosis in 24% of the diabetic patients 
witli the lesion. Our figure is con- 
firmatory, placing the incidence slightly 
higher. The validity of the association 
of lesions can often be demonstrated 
by searching tlirough many sections of 
the same kidney. In addition to the 
glomerular fibrosis, an occasional hya- 


should not be confusing. Other find- 
ings in this disease include focal 
necrosis in many of the glomeruli 
which is missing in the diabetic kidney. 
Finding the characteristic “wire loop” 
of lupus erydiematosus makes separa- 
tion definite. 

In our study fibrosis of the glomeru- 
lus was elassified as the minimal lesion 
of intercapillary glomerulosclerosis. 
Glomeruli containing occasional spheri- 
cal hyalinized lesions were listed as 
moderately involved. The advanced 



Fig. 3. A classical lesion of the advanced clinical syndrome in diabetes. There is complete 
involvement of tlie glomerulus by the disease process. Classified as “advanced” intercapillary 
glomeruloscl erosis . 


linized glomerular tuft can be seen. 
It is possible tliat benign nephro- 
sclerosis, chronic pyelonephritis, or 
chronic glomerulonephritis will simu- 
late this closely. These lesions have 
variations in fibrosis from one glom- 
erulus to the next in addition to other 
changes which do not occur in inter- 
capillary glomerulosclerosis. The dif- 
fuse lesion, however, is not always 
readily identified as specific for dia- 
betes. 

Glomerular fibrosis described in 
disseminated lupus erydiematosus 


lesion was considered present when 
hyalinization existed in all glomeruli. 

Whether or not diabetic glomerulo- 
sclerosis is “intercapiUar)d’ has raised 
conjecture. This descriptive term was 
given by Kimmelstiel and Wilson 
because they believed the lesion de- 
veloped from hyalinization of the con- 
nective tissues between the capillaries. 
Allen^ questioned diis hypodiesis. After 
studying die nature of hyalinization 
and obsendng staining qualities, he 
concluded that the hyaline is deposited 
in the wall of the capillary loop, and 
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a more accurate description would be 
“intramural” glomerulosclerosis. Serial 
sech’ons of the lesion have affirmed 
this conclusion. The three dimensional 
description of tlie hyalinization would 
present the spherical lesion as a focal 
mass of hyalinization through which 
the capillar}' courses. Hyalinization and 
thickening extend from tlie capillar}’ 
system in the glomerulus to the afferent 
arteriole where the intramural hyalini- 
zation is easily recognized'’’. Unfortu- 
nately the term “intercapillaiy'” seems 
too deeply entrenched in the literature 
to be replaced. With misgivings, but 
for uniformity, we shall retain the 
original term. 

Ikctoence of iNTEncAPiLLABY' Gnoxt- 
ERtTLOSCLEROSis. In our series, glomeru- 
lar disease was discovered in 82% of 
the diabetics (Table 1). Prerious 


claimed®. The control group studied 
affirms previous conclusions that 
moderate or advanced intercapillan’ 
glomemlosclerosis is rare in the absence 
of diabetes*'®'''*^'’"’’®. Our figure of 2% 
incidence of moderate or advanced 
lesions in non-diabetics is based on 
finding tlie ri'pical lesion in a 63 year 
old female who died on admission. 
Since blood sugar and urinaiy sugar 
determinations were not made, the 
possibilit}' of diabetes cannot be ex- 
cluded. "rhis case may be similar to 
other reported non-diabetics who pre- 
sent e\'idence of the hyaline change 
of intercapillar}' glomerulosclerosis. 
The minimal lesion was indistinguish- 
able from many lesions found in non- 
diabetics. Hence no accurate estimate 
of its specificity can be made. 

Latent diabetes may account for the 


TABLK 1. INCIDENCE OF INTERCAPILLARY GLOMERULOSCLEROSIS IN DIA- 
BETIC AND NON-DIABETIC NEPHROPATHY. 

TolalCasc'i Prc'ont Abwnt Minim.i! MmJrrnfr Ailv.mroa 

Diabetic 50 41(82rr) OflSCo) 17(34'rr) 2.0(40%^) 4(.8%c) 

Non-Diabetic 50 8(16rr) 42(S4%c) Hhi^c) 1 (2%c) 


TABLE 2. REPORTED INCIDENCES OF 
INTERCAPILLARY GLOMERULOSCLER- 
OSIS LN DIABETICS. 


A«t]ior 

Sic^al and Allen 
Allen 

Horn and Smet.ina 
Bell 

.SpuIiFcr 

Laipplv. Eit'/en and 
Goodof 


Yonr Forconlncc* 

1941 3.3.SCr 

1941 S3. <rr 

1912 22.9%r 

19 12 20.5C7 

1943 50. rr 

1944 05.5%c 

1915 44. re 


studies place the incidence between 
20..5 and GS.n%. Authors and their fig- 
ures are given (Table 2). Incre.asing 
recomiition of the stage of fibrosis bv 
manv authors explains the increase in 
incidence in recent studies. 

Hy including in the controls nnn- 
diabetic nenhrosclerofics and glom- 
erulonepliritics. we were able to dis- 
cover whether the lesion of spherical 
hvalirie change was present in other 
pathologic conditions, as hn= been 


di.scovcr}' of intercapillaiy glomcnilo- 
.sclerosis in the absence of glycosuria. 
The glucose tolerance test should be 
used to evaluate .suspicious cases. This 
test becomes altered from normal to 
one approaching or resembling tlie 
diabetic as aging progresses. Goodof' 
found intcrcapiliar}' glomerulosclerosis 
in 307 of non-diabetic patients over 
the age of 70 years, but stated that 
unfortunately the glucose tolerance test 
was not available for the material used 
in his study. In a similar number of 
non-diabetics between the ages of 6 
and 2.0 vears. evidence of intercapillarv 
glomerulosclerosis could not be found. 

Table 1 presents an analvsis of the 
degree of iin'olvement bv a breakdown 
of'’the positive cases. Tlie advanced 
lesion existed in 8% of the diabetics. 
Moderate inx'olvemcnt was present in 
in'T. Minimal changes accounted for 
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34%. Thus the advanced and moderate 
degree of involvement constituted 48% 
of tlie cases studied. This group of 
moderate or severe involvement is 
regarded as specific for diabetes. By 
including the group classified as mini- 
mal, the incidence of the lesion rises 
to 82% in our series, but concurrently 
the specificity falls as predicted by 


tains a tliin section of from 25 to 100 
glomeruli. Therefore, failure to demon- 
strate tlie lesion after a study of a 
single section does not exclude the 
possibility of intercapillary glomerulo- 
sclerosis existing in tlie millions of 
unexamined glomeruli. It follows that 
examination of each glomerulus theo- 
retically would provide the most accu- 


TABLE 3. DEGREE OF INTERCAPILLARY GLOMERULOSCLEROSIS IN RELATION 

TO THE SEVERITY OF THE DIABETES. 


Degi ee of Sclerosis 


Degree of Diabetes 

Minimal 

Moderate 

Advanced 

Total 

% 

Mild 

8 

7 

4 

19 

46.3 

Moderate 

7 

9 

0 

16 

39.0 

Severe 

2 

4 

0 

6 

14.7 


Kimmelstiel and Porter®. The diflFuse 
or minimal degree of involvement can- 
not be accurately distinguished from 
other glomerular changes, although we 
presume these changes are involved in 
the pathogenesis of the hyaline spheri- 
cal lesions. 

There are explanations for tlie 
divergence of reported incidence. It 
has been estimated that there are from 
1 to 4 million glomeruli in each kidney. 
An average histologic preparation con- 


rate appraisal of tlie incidence of inter- 
capillary glomerulosclerosis. 

l^diy certain diabetics have the renal 
lesion and others do not, has not been 
explained. Discoi'ery of involvement of 
48% hyaline lesions and 34% diflFuse 
lesions in our diabetic series arouses 
conjecture. Intercapillar}' glomerulo- 
sclerosis possibly could be a constant 
accompaniment of diabetes mellitus. If 
we performed the ideal examination of 
all die glomeruli referred to above, the 
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lesion could conceivably be discovered 
in the remaining 185. The pertinent 
problem of incidence has resolved itself 
to explanation of why tlie lesion is 
absent, rather than its presence. 

There does not seem to be a marked 
predominance of the lesion in either 
sex. Females were 485 of all the dia- 
betics examined while they comprised 
545 of those presenting lesions of inter- 
capillary glomemlosclerosis. New- 
burger and Peters’® found 5 of 7 cases 
to be females. Herbut" reported 6 
females and 3 males in his study of 9 
cases. GoodoF believes the disease is 
more prevalent in women and states 


more se\ ere kidney complications than 
the person whose diabetes is controlled 
by diet alone? Is there a cause and 
effect relationship between the duration 
of diabetes and the advaneed lesions, 
as there is in coronarx’ sclerosis’''? 
What role does insulii/ play in the 
pathogenesis of intcrcapillai)’ glom- 
enilosclerosis? 

Table 3 demonstrates that almost 
half the b'dneys \wth the hyaline 
lesion were from persons with mild 
diabetes. This group included the 4 
kidneys with the advanced lesions. 
Severe diabetes, which was present in 
245 of the entire group, accouTited for 


ABSENT 

OEOREE OF 

MINIMAL 

INUR CAPILLARY 

MOOERBTE 

OLOHERULOSaEROSU 

ADVANCED 



PER CENT or PATIEMTi WITH 
hypertension 

f.'li.irt 2. Incitlcncc of llvportcR'iion in itir Diirerciit Dt'crct": of C.lomcrulo'.clcroM'., 


a ratio of 7 out of 10. Other workers 
have reported a predominance in 
women o\'cr men varx’ing from 30 to 
005. In our scries 4 out of 5 diabetics 
were found to have the lesion. Tims 
the incidence of intercapillary glom- 
erulosclerosis is closely related to the 
incidence of diabetes. The predomin- 
ance of diabetes in the female can b<- 
expected to reflect in studies of sex 
incidence in intercapillarx’ glornendo- 
sclerosic. Given an erjua'l number of 
male diabeficN and female diabetics, 
we presume no predominance of the 
lesion will exist in cither sex. 

Hn.xTiov TO DrAiuTr-s ^Irn.ms. 
D!)e^ the sex ere diabetic suffer from 


only 14.75 of the cases of inlercapillarv 
glomerulosclerosis. T1ie.se facts suggest 
that severe diabetics do not develop the 
le.sions more frcrjuently nor do tlu'V 
tend to have the advanced type of 
iutercapillarx' glomerulosclerosis. 

Comparison of the incidence of 
intercapillarx’ glomerulosclerosis with 
the knoxs'n duration of diabetes mellitiis 
reveals that in the group haxing dia- 
betes over 15 years all had the renal 
complication. Similarly. GoodoF fomifl 
a constant increase in the incidence of 
intercapiilarv glomerulosclerosis with 
increase in duration of dia!)etr-s above fi 
vears. However, Laipply, Eit/en ami 
Dulra” did not find correlation 
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between either the presence or degree 
of involvement of the glomerular lesion 
witli the known duration of diabetes 
mellitus. 

In our series the average known dur- 
ation of diabetes in tlie minimal lesion 
was 6 years (Chart 1), while those 
witli advanced degree of involvement 
was 12 years. There is an ascending 
line when average duration of diabetes 
is plotted against degree of involve- 
ment, giving the impression that we 
are dealing with a steadily progressive 
disease. As demonstrated, the age 
factor is easily excluded from the 
patliogenesis. The chances for a person 
to develop kidney complications 
increase each year he lives with his 
diabetes, but is apparently unrelated 
to his age. The progression of the lesion 
is unrelenting and appears to be unaf- 
fected by therapy. 

Insulin has been mentioned as a 
possible cause of the lesion^". The 
severe diabetic in our series was also 
the one who received the greatest 
amount of insulin. Since the factor of 
severity of diabetes does not aflFect pro- 
gression of intercapillary glomerulo- 
sclerosis, insulin cannot be regarded as 
significant in the pathogenesis of the 
lesion. 

Hypertension. It has been estimated 
that 50% of all diabetics have hyper- 
tension^®. In our study, 52% of the 
diabetics were hypertensive. The per- 
centage was similar to this in those 
with no discernible intercapfllary 
glomerulosclerosis, those with minimal 
and those with moderate involvement. 
In the group with advanced renal 
changes, however, all suffered from 
hypertension ( Chart 2 ) . 

Goodof® discovered hypertension in 
50% of 88 patients with intercapillary 
glomerulosclerosis. In most of the 
reports occurring in the literature 
shortly after the original publication, 
the presence of hypertension in tlie 
clinical syndrome was stressed. But 


these reports usually concerned severe 
lesions corresponding to our group of 
advanced intercapiUary glomerulo- 
sclerosis. Later workers included many 
cases on the basis of only moderate 
kidney changes. 

Laipply and his associates'^ found 
no correlation between hypertension 
and the incidence or degree of involve- 
ment of intercapillary glomerulo- 
sclerosis. We agree with this conclusion 
on the basis of our findings in tliose 
kidneys minimally or moderately 
involved. Normal blood pressure is 
wholly consistent with tlie diagnosis 
of intercapillary glomerulosclerosis 
early in tlie course of involvement. 
However, the small group of diabetics 
who have advanced involvement are 
usually hypertensive. 

To explain all hypertension in dia- 
betes by the presence of the spherical 
hyalinized glomerular lesion would 
obviously be fallacious. Arteriolar 
sclerosis plays a significant part, as it 
does in non-diabetics, and presumably 
can adequately explain die hyperten- 
sion in tliose cases which at necropsy 
show only minimal changes of inter- 
capillary glomerulosclerosis. 

Proteinuria and the Nephrotic 
Syndrome. Correlation of proteinuria 
and edema with intercapillaiy glom- 
erulosclerosis’ is difficult. Occasionally 
instances are found where there is 
generalized edema but less proteinuria 
than in cases with minimal swelling of 
the ankles’’^. Newburger and Peters^® 
found that early in the course of the 
disease proteinuria was present in a 
varying degree but that terminally it 
was usually very profuse. Others have 
had similar experience. Mild lesions 
have often shown little or no pro- 
teinuria®, while series of patients witli 
advanced lesions have been almost 
uniform in tlie excretion of large 
amounts of protein in tlie urine^^. 

Accurate statistical appraisal is diffi- 
cult because there may be many com- 
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plicating factors obscuring true pro- 
teinuria on a basis of intercapillar)’ 
glomerulosclerosis. Pre-renal causes for 
proteinuria in diabetes are common. 
Many in our group of cases were in 
congestive failure. Some had peripheral 
gangrene and a few were in coma due 
to ketosis. Arterial and arteriolar 
sclerosis may adequately explain a 
portion of the proteinuria found. 
Nevertheless, certain trends are appar- 
ent. In the groups of mild and moder- 
ate lesions many had no proteinuria 
while a few had severe proteinuria. 
There does not seem to be correlation 


our cases with diabetic kidnev 
damage. Examination of the tvpe of 
renal lesion usually associated with the 
nephrotic s}'ndromc rcx-caled that in 
3 patients tlie spherical hyaline changes 
were se\'ere. In the other 2 the lesion 
was classified as moderate. The .s)’n- 
drome was not observed in the absence 
of intercapillar)' glomerulosclerosis. 
Since the syndrome was not present in 
conjunction with minimally involved 
kidneys, it is a sign of late intercapillarv 
glomendosclerosis. If the diagnosis of 
kidney cliange were made only when 
the classical picture of anasarca 
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I’ur Cent of Patients 

Chart .3. Incidence of Renal Failure in Relation to Degree of Inlereapillai)' Gloincndosclerosi'i. 

between the degree of the lesion and appeared, more than 4 out of 5 cases 
the amount of protein found in the of the disease would be missed. Tlie 
urine, if the ads'anced lesions are symdrome is of ominous prognostic sig- 
delctcd from consideration. Tlie mark- nificance. It indicates that the kidneys 
edlv advanced cases all had 3 to 4 + arc hopelessly involved, 
proteinuria. It seemed to be a fairly Wliilc morphologic study is not a 
constant accompaniment of this ts'pe complete method of estimating 
of lesion. While lack of proteinuria functional integrity of the kidney or 
would be against the diagnosis of any other organ, nevertheless certain 
advanced intcrcapillary glomcnilo- conclusions seem justifiable. From the 
sclerosis its presence docs not ncces- nature of the lesion it may he expected 
s.irilv indicate .severe invohement of that the minimal stage presumably 
the iilomcnilus. should not affect kidney function, svhile 

The nephrotic .syndrome, when it mo<leratc glomerular involvement in 
occtirs. has cliaracteristic features the absence of other pathologic fitid- 
including proteintiria. loss* blood ings should leasx' the kirlm-y with 
prot<>ins, elevated blood cholesterol enough functional reserve to clear 
and nniversal edema. Tin" nephrotic w’ast<‘ prorlncts efTicifiitly. Hi'* 
svndronie was present in 12.2'i’ of advanced lesion, however, aFecting 
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almost everj'^ glomerulus with marked 
hyalinization, sooner or later will lead 
to nitrogen retention. Severe uremia 
may possibly be precipitated \wth the 
addition of pre-renal factors such as 
cardiac failure or acidosis. Examination 
of Chart 3 confirms the ideas gained 
from tlie morphologic studies. As the 
lesion advanced in severity, the per- 
centage of patients with moderate 
nitrogen retention and uremia showed 
progression until all the severe cases 
had either moderate kidney failure or 
uremia. 

Proteinuria, edema resulting from 
hypoproteinemia and nitrogen reten- 
tion are manifestations to be taken as 
evidence of advancing renal failure and 
not as significant signs of any par- 
ticular disease of the kidneys. 

Relationship to the Arterioscle- 
rotic Process. Arterial and arteriolar 
sclerosis is knovm to be related to 
diabetes mellitus. It has been demon- 
strated tliat progression of arterio- 
sclerosis is accelerated by this disease. 
Coronary artery sclerosis is encount- 
ered more frequently in the diabetic 
than in the non-diabetic, and when 
coronar)' sclerosis is present it has a 
poor prognosis in the presence of 
diabetes^®. Because of tlie possibility 
of renal vascular sclerosis being a 
causative factor, most papers on the 
subject have mentioned tlie high inci- 
dence of advanced cardiovascular 
sclerosis with intercapillary glomerulo- 
sclerosis. Newburger and Peters^® 
believe the pathogenesis of intercapil- 
lar)^ glomerulosclerosis is directly 
related to severe arterial and arteriolar 
degeneration. Bv contrast Siegal and 
Allen^® excluded the possibility that 
the lesion is secondarj'^ to marked 
nephrosclerosis because of its presence 
in cases of diabetes ivithout renal vas- 
cular complications. According to Her- 
but'^, benign nephrosclerosis is an 
accompanying lesion in most cases, but 
he has seen examples especially in 
younger people where intercapillar)' 


glomerulosclerosis is tlie only renal 
lesion. Since it is recognized that 
patients wdth mild diabetes do have 
accelerated vascular changes and that 
frequently the vascular changes are 
more pronounced in one area of the 
vascular tree than in another. Porter 
and Walker^^ suggested that capillar)' 
changes may represent anodier instance 
of predilected degenerative processes. 
Laipply, Eitzen and Dutra^^ recog- 
nized tliat those kidneys with tlie 
greatest degree of intercapillary glom- 
erulosclerosis had tlie most pronouneed 
vascular changes, but beheved tliat tlie 
incidence would have to be expected, 
since intercapillar)' glomerulosclerosis 
is present in the same age group as 
persons with advanced sclerosis. They 
agree tliat it is contributor)', but do 
not believe that it is tlie sole factor. 

In our group of 50 non-diabetic 
kidneys, most of which were examples 
of nephrosclerosis, only 1 case witii a 
spherical hyaline lesion was found. 
Causal relationship implicating vascu- 
lar sclerosis is not suggested b)' this 
finding. 

Arteriosclerosis obliterans was found 
in 50 of 100 diabetics selected at 
random by Pearl and KandeP^. This 
advanced arteriosclerotic degenerative 
process has been estimated to be 11 
times as frequent in diabetics as in 
non-diabetics of comparable age 
groups^. Progression of arteriosclerosis 
obliterans ultimately results in gan- 
grene. The high incidence of this 
complication in diabetics is weU 
kno\vn. We compared far advanced 
peripheral arteriosclerosis, as roughly 
measured by the incidence of gangrene, 
\wtli tlie degree of involvement of the 
kidney by intercapillar)' glomerulo- 
sclerosis. In the diabetic group which 
did not have any evidence of inter- 
capillai)' glomerulosclerosis the inci- 
dence of gangrene was 22?. Of those 
mth tlie diagnosis of intercapillar)' 
glomerulosclerosis, 24? had gangrene 
of an e.xtremity, while of those hawng 
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the most advanced intercapillarj' 
glomerulosclerosis Kc had severe 
arteriosclerosis obliterans as measured 
by peripheral gangrene. Tliese figures 
arouse speculation. ■\A''ere vascular 
disease a prominent etiologic factor in 
intercapillar}’ glomerulosclerosis, we 
would e.vpect a liigher incidence of 
gangrene in those with far advanced 
kidnej’ disease, ^^^lile correlation of 
pathologic processes by this method 
may be open to question, nevertheless 
the figures are of enough significance 
to be convincing. The basic importance 
of arterial and arteriolar sclerosis in 
causing intercapillars' glomenilo- 
sclerosis seems most unlikely. 

Siimmar}'. The literature re\'eals dif- 
ferences of opinions and theories con- 
cerning specific renal change in 
diabetes. The objective of this paper 
has been to reduce these opinions and 
theories to a concise presentation, and 
to correlate this with our own findings. 

Recent reports have considered ever 
higher estimates of the incidence of 
intcrcapillan.’ glomcnilosclerosis in 
diabetics. The concept that intcrcapil- 
laiy glomerulosclerosis is a frequent 
accompaniment of diabetes mellitus of 


long standing is given support. In one 
decade this is a marked alteration in 
the knowledge of the patholog)’ of the 
diabetic kidney. 

H\q)ertension, proteinuria, the neph- 
rotic s)'ndrome and renal failure are 
shown to be unrelated to the involve- 
ment of the kidney, e.xcept in those 
few cases in which the lesion is far 
advanced. In the latter instance the 
components are usually found to make 
the clinical diagnosis of intcrcapillan- 
glomerulosclerosis obvious. Before this 
stage is reached, w-e can only speculate 
on the amount of focal hyaline change 
that is taking place. It is reasonable 
to assume, however, that progression 
of the renal lesion will take place 
irrespective of therapy, ^^fith increase 
in the average length of life e.vpcctancy 
for well-controlled diabetics, we must 
be more aware of the pathogenesis and 
pathology of this complication of the 
metabolic disease. 

.Arteriosclerosis presumably is a 
separate problem in diabetes. Ulule 
etiologic factors may be similar to 
those of intercapillar)’ glomcnilo- 
.sclerosis. the pathogenesis of the (wo 
conditions at present docs not appear 
to be closelv related. 
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The occurrence of albuminuria in 
persons otherwise free from evidence 
of disease has presented a problem 
ever since its first discovery. Many 
observers have attempted to classify 
such cases and some of their publica- 
tions, briefly reviewed here, show how 
diverse the significance of symptomless 
albuminuria may be. The present 
report summarises the results of our 
own observations, which have been 
made throughout a period of 7 years, 
1942-48, and are derived from labora- 
tory investigations of 193 young adults 
who, at their routine medical examina- 
tion for recruitment into tlie Services, 
had all shown symptomless albumin- 
uria. The subjeets were referred to us 
for an independent opinion as to the 
probable significance of the albumin- 
uria. 

Historical Perspective. In 1694 
Dekkers discovered albumin in urine, 
making use of what is now the boiling 
test, but it was not until 1827 that 
Bright assoeiated albuminuria with 
nephritis (see Dukes^°). According to 
Young et al.^~ who have surveyed the 
literature, Becquerel'’ (1841) was the 
first to record albuminuria in a young 
adult, unaccompanied by evidence of 
renal disease; VogeF® (1864) noted a 
similar instance. “Remittent” albumin- 
uria was first studied by Moxon-^ in 
1878 and in the same year von Leube^'^ 
published his finding that 4% of 


apparently healthy soldiers had 
albumin in their urine. Pa\'y-^ described 
a so-called “cyclic” albuminuria, while 
Stirling^’’ ( 1887 ) first proved the exist- 
ence of a definite eondition to which 
he aecorded the term “postural 
albuminuria”; Teissier^® (1899) called 
this same condition “albuminuric or- 
thostatique”. The benign nature of this 
type of proteinuria was doubted by 
Senator-*® (1904) who concluded that 
it indicated some degree of renal 
abnormality. In 1905 Dukes*® recorded 
the presence of albumin in the urine of 
16% of schoolboys and ascribed their 
proteinuria to instability of the cardio- 
vascular system; when the subjects 
were later tested as adults they were 
all albumin-free. Jehle^® concluded 
from a study of 300 children that their 
albuminuria was due to hvperemia of 
the kidney caused by lordosis of the 
lumbar spine. Tire production of 
albuminuria by severe physical effort 
was noted by Collier®* when he tested 
the urine of each member of the 
Oxford boat crew in 1906, immediatelv 
after tlie race. 

Widi regard to incidence, so far 
as young adults are concerned, 
McLeod and Ameuille-*’, in examining ^ 
2,000 soldiers, noted albuminuria in 
2.9%, casts in the micro-deposit in 
0.86% and red cells in 0.66%. MacLean’** 
found albuminuria in 5.8% of 60,000 
men, the incidence being the same in 

( 419 ) 
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a group of 10,000 before mih'tai}’ train- 
ing and in a group of 30,000 after 
training. Tlie albuminuria was slight 
in 3?, considerable in 2.Sx; while in 
only I.IS was Uiere an abnormal 
urinary micro-deposit. Tlieobald-®, 
e.xamining 5,000 Post-Office girls, noted 
albuminuria in 6.7ie. 

Lee^'', Fo.\“ and Bashford* have all 
concluded from long-tenn observations 
that adolescent albuminuria is a con- 
dition which does not develop into 
renal disease, and the benign nature of 
orthostatic albuminuria has been sub- 
stantiated by the biochemical studies 
of Post and Tliomas*'* and of Schultz 
and Sivanson-'. Hou'ever, caution was 
e.xpresscd by Gulland'-’ who believed 
that slight degrees of nephritis might 
often occur wherein renal efficiency 
tests alone failed to demonstrate 
defective kidneys. Moreover, Russell-^ 
pointed out that some instances of 
orthostatic albuminuria might repre- 
sent a stage in resolving nephritis, 
especially of scarlatinal or diphtheritic 
origin, though Diehl and McKinlay‘‘ 
could find no statistical significance in 
the incidence of precursor)' diseases. 

In 1911, Lyall'” published results of 
his .study of 110 men who .showed 
albuminuria on more than one occasion 
when examined for reentitmeut to the 
.Services. Other recent contributions 
include those by Young cl al.''- on 
orthostatic albuminuria: .Mironheim' 
and an annotation- on enmtional 
albuminuria; and a leading article in 
the Lancet'' on albuminuria in the 
young. \\’ohnan'’'' has also surxeyed the 
whole jiroblem and recoriled saluable 
obserwitions on 420 apparentlv healthv 
men (out of 22.000 entering the U. .S. 
-Maritime .S'ersice) who had proteinuria, 
mostly intermittent in type but per- 
sist('nt in 7 c.ises, .significant of mild 
unsiispj'cfed nephritis in 8 eases and 
of urologic dise.ise in 3 cases. Wolman 
also deduced that randr)tn urin.ilysis of 
single specifrjeris will nsunllv resin! 


cases of nepliritis diough it will often 
fail to demonstrate cases of urologic or 
benign intennittent proteinuria. In 
studying such cases, the concentration 
of protein in random specimens of 
urine was not found to be diagnostic- 
ally helpful. Our osni obsers'ations 
were begun at the end of 1941 and 
continued to tlie end of 1918. 

Scheme of the Investigation. The 193 suli- 
jecls stuciiect comprised I87 males and (> le- 
inales, ail cmlians, and referred Irom pri- 
mary routine medical esamination for re- 
cntitiiicnt into tlie Scrs’iccs. Their mean age 
was 19.7 jears (stand.ird delation -1.6’} .ind 
the range 14 to 43 ye.irs. Most of the .sub- 
jects were .ige 17 to 24, though 14 h.id ages 
IroiTi 27 to 4 3 years and 2 cadets were aged 
14. They had all shown nlbumiiuiria on 2 or 
more occasions at routine medical ex.imina- 
tion but none had clinical esideiite of reii.il 
disease. 

On arriv.i! at the laboratory, each .subject 
provided an initial (ambulant) urine, a first- 
hour .specimen after .sitting and a sccoml- 
hour specimen after lying down. This pro- 
cedure was found to be an adequate (Iml aot 
rigorous) test for the existence of poslur.il al- 
buminuria. Although many of the patients 
brought with tlicm a sample of urine passed 
on waking in the morning and these .iho u'ere 
examined, especially for specific gr.ivitx and 
pigment concentration, no exclusive ri'li.mce 
was placed on the results, because there sxas 
no guarantee as to their origin or owaicrship 
The initial (ambulant) urine was examined 
for the presence of red or while cnrt>ustles or 
casts in the micro-deposit and all s.unples 
uerc tested for the presence of protein In the 
boiling test or xvitli salicylsnlplionie and 
9u.mt)lative detimiinations of protiiii xsere 
carried out in selected cases. IHmxi iire.i imi- 
centr.ition w.as determined by the milhod of 
King rt al.ti .and urea clear.uue xaliie bv the 
erocidure as described In It' mmnnt aiel 
D'kIiIs'. 

Results. The dislrifinfion of eases is 
sboxx'n in Table 1 wliere thev are 
dividccl into 5 tfroups according to the 
fvpe of alhiniiirinna and the eharaeler 
of the rniero-rleposif. Of the tot.i! 
persons inx'esligafed. ."I shox'.'ed no 
rdhnrninnria xx-hi-n fesfi-d at the lab- 
orators- and their urine never contained 
red or while eorjtuscles nr casts. It 
was noted tliat sever.il individmds g.ive 
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a history of “colds” or sore tliroats at 
die time of dieir medical examination 
and altogether this group (“albumin- 
uria-absent”) is regarded as affording 
examples of transient, intermittent or 
emotional albuminuria, devoid of 
pathological significance, but forming 
a valuable (negative) control vnth 
which to compare tlie positive groups. 
These 4 groups correspond closely to 
LyalFs^®, except that in our series all 
the nepliritis cases are togedier, where- 
as Lyall divided his into subacute and 
chronic or subchronic. 


noted in this group was 600 mg. per 
100 cc. 

The group where albuminuria is 
described as “due to nephritis” com- 
prises 19 men. Of tliese, 8 had er}'- 
throcytes in the urinary deposit, 3 had 
granular or red cell casts, and 8 had 
both erythrocytes and casts. The 
albummuria was constant in 9 cases, 
somewhat diminished by recumbency 
in 7 cases and completely abolished 
by recumbency in 3 cases. The highest 
urine protein concentration found was 
400 mg. per 100 cc., a value notabl)^ 


TABLE 1. DISTRIBUTION OF 193 CASES OF ALBUMINURIA IN 5 GROUPS 


Type of 

Present Scries 

albuminuria 

No. 

'•/o 

Postural 

65 

34 

Persistent 

41 

21 

Due to nephritis 

19 

10 

Due to infection 

15 

8 

Absent 

53 

27 

TOTAL 

193 

100 


Present Series Lyall’s Series 


No. 

7c 

No. 

% 

65 

46 

31 

28 

41 

29 

22 

20 

19 

14 

45 

41 

15 

11 

12 

11 

140 

100 

110 

100 


TABLE 2. SUMMARY OF BIOCHEMICAL FINDINGS IN 5 GROUPS OF 193 CASES 

OF ALBUMINURIA. 


Type of 

Albuminuria 

No. of 
Cases 

Absent 

53 

Postural 

65 

Persistent 

41 

Due to nephritis 

19 

Due to infection 

15 


Blood Urea 
mg. per 100 cc. 
Mean S.D. 

Abnormal 
Blood Urea 
Values 

28 

6 

441 

28 

7 

442 

28 

6 


35 

9 

603,434, 46! 

31 

8 

47C, 42T 


Urea Clearance Abnormal 
of normal Urea Clearance 


Mean 

S.D. 

Values 

114 

34 


123 

37 

352 

114 

24 


95 

45 

293 , 394 

99 

41 

31C 


In the group “postural albuminuria”, 
the characteristic features were an in- 
significant micro-deposit and an initial 
albuminuria which became completely 
abolished by recumbent posture. The 
highest urine protein concentration 
recorded was 1,100 mg. per 100 cc. 

In the group “persistent albumin- 
uria” there was likevdse an insignificant 
micro-deposit tliroughout. Excretion of 
protein was continuous, though it was 
often lessened by inactivity and further 
diminished by recumbent posture. The 
highest urine protein concentration 


less dian that found within the groups 
where albuminuria was considered to 
be devoid of pathological significance. 
All the cases in die nephritis group are 
thus seen to have been characterised 
by the nature of die micro-deposit, 
while in most of them diere was also 
a persistent albuminuria as well. In 3 
instances widiin this group, confirm- 
ator)f e\ddence of renal functional 
impairment was also obtained bv bio- 
chemical tests. 

In die last group, “albuminuria due 
to infection”, 12 subjects out of 15 
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showed a persisting albuminuria while 
3 had protein-free urine after recum- 
bency. The highest protein concentra- 
tion noted was SO mg. per 100 cc. urine. 

In the micro-deposit, 9 had red 
corpuscles, none had casts, but all 
showed a significant number of pus 
cells. Cultures yielded B. colt from 4, 
Proteus vulgaris from 1, while micro- 
scopic search revealed M. tuberculosis 
from 1 and N. gonorrhocac from 1. 

The remaining S urines )nelded incon- , 
elusive results from bacteriological < 
studies but were regarded as contain- ~ 
ing indirect evidence of infection. ^ 

Table 2 summarizes the biochemical 5 
data; blood urea and urea clearance ^ 
figures are recorded as mean \'ahies 
with standard delations for each Q 
group. Using the critical levels defined n 
by Mean ±: 2.S.D., afforded by the 
control group “albuminuria absent”, a nx 
number of abnormallv high blood urea <5 
walucs (oA'cr 40 mg. per 100 cc.) and 
low urea clearance values (under 
467) arc noted for special consider- 
ation. These abnormal values charac- 
terised 7 subjects with high blood urea 
concentrations; of these. 4 had also ,,|3 
abnormally low urea clearance value.s. a. 2 
•More complete details of these 7 cases 
are recorded in Table 3. 2 

Discussion. In Table 1 the nmnerical < 
distribution of cases in Lsall's'*' .series k 
is noted alongside ours for comparison. “ 
The greatest differences arc seen in 
the ttroup “postural albuminuria’' a; 
where our proportion is liigher and in H 
“albuminuria due to nephritis" where t: 
our proportion is lower. Since Iwall’s 
tests for postural albuminuria were 
more rigorous than ours, in that his 
tests for absence of protein were df)ne 
on f)\eniight .samples whereas ours 
svere made with only 1 hour recumbent 
specimens, it would setan that the tiif- 
ferent proportions of "{iosfural 
alhuminnri.is" arise merely from 
chnnre in the s.amj)!<-s of jxjpulation 
studied. .Any dilterence arising from 
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die procedure adopted would have 
tended towards die finding of a 
smaller proportion of postural type in 
our series instead of the larger pro- 
portion which was, in fact, found. 

It is noteworthy that our group of 
nephritis cases did not include any 
individuals with clinical evidence of 
nephritis, whereas that of Lyall did. 
If those with “clinical” nephritis are 
segregated, a remaining 21% of Lyall’s 
patients appear as having asympto- 
matic albuminuria due to neplu'itis. 
This percentage is now comparable 
widi our figure of 14%. 

Finally from Table 1 it is seen that 
the proportion of individuals whose 
albuminuria was attributed to infection 
was the same in Lyall’s series and in 
our own. 

The results of die biochemical 
investigations, as summarized in Tables 
2 and 3, show abnormally high blood 
urea concentrations in 7 cases, 
accompanied in 4 instances by abnor- 
mally low urea clearance values. 
Regarding Table 3, it may be noted 
that Case 1 showed a slightly raised 
blood urea which was ultimately dis- 
carded as clinically insignificant, while 
Case 2, a postural albuminuria, had 
abnormal values ascribed to previous 
nephrectomy. Of 3 cases of nephritis 
with raised blood urea, 2 showed also 
a diminished urea clearance; while of 
the 2 cases of infection with raised 
blood urea, 1 showed a diminished 
urea clearance. 

The urea clearance test is generally 
regarded as more sensitive than any 
other for assessment of renal efiiciency. 
It is simple to perform yet superior to 
a blood urea estimation alone. More- 
over, in some cases of nepliritis, 
diminished urea clearance values may 
be found, when the blood urea concen- 
ti'ation is vdtliin normal limits, though 
results of tliis tiq^e did not happen to 
occur within our series. Whenever 
renal insufficiency was detected by bio- . 


chemical examinations there was also 
substantiating evidence from a study 
of the albuminuria itself or of the 
urinary micro-deposit. However, it is 
evident from Table 3 tliat Case 4 
might easily have been passed as a 
persistent albuminuria (without neph- 
ritis ) if the biochemical tests had been 
omitted, and the few red corpuscles 
in the micro-deposit not accorded any 
significance. Similarly, Case 5 might 
have appeared to be a postural 
albuminuria had the biochemical tests 
been omitted and the micro-deposit 
overlooked. 

Although in our series of patients 
with simple persistent albuminuria no 
instances of renal functional impair- 
ment were discovered by biochemical 
examinations, persistent albuminuria 
was invariably regarded with suspicion 
and the possibility of renal disease 
carefully considered. An illusti-ation of 
the correctness of this view is a case 
described by Brown and Ginsberg® of 
a woman who had perennial albumin- 
uria for 46 years after scarlet fever 
at the age of 9. She died at age 55 
of left ventricular failure and chronic 
glomerulonephritis was demonstrated 
at autopsy. 

Conclusions. It is thus concluded 
that while a persistent albuminuria 
togetlier with an abnormal urinary 
deposit provides immediate evidence 
of renal disease, an albuminuria sig- 
nificant of organic disease may show 
considerable variation with changes in 
posture. Determinations of the protein 
content of the urine are valuable in 
studying these changes but the protein 
concentrations themselves possess no 
diagnostic significance. 

Mdien a patient shows any degree 
of albuminuria in the recumbent 
position or shows a micro-deposit 
which is at all suspicious, a urea clear- 
ance test may provide further e\4dence 
of disease and its performance is 
therefore adrisable. Tlie result of such 
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a test, in conjunction with the albumin- 
uria and microscopic e\adence, uill 
reveal the occasional case of renal 
disease which mav other\Wse co undis- 
covered. On the other hand, when a 
proteinuria of postural tj'pe is definitely 
demonstrated and the urinarj’ deposit 
is above suspicion, renal function tests 
are not necessarj' for tliey w'li not 
contribute any indication of kidney 
disease. 

Summar}’. Pre\'ious studies of 
albuminuria, its tj'pes. origin and sig- 
nificance are briefly re\‘iewed in his- 
torical perspective. 

A laborator)’ investigation of 193 


cases of symptomless albuminuria is 
recorded, the subjects being referred 
from priinar}’ routine medical examina- 
tion for rccniitmcnt into the Scrxices. 

A determination of the type of 
albuminuria and the nature of the 
micro-deposit is shown to afford a 
means of sclectinsi those cases in which 
the urea clearance test is also likely 
to be of value. 

It is concluded that this scheme of 
investigation provides the evidcnct' 
necessar}' for the medical grading of 
individuals who have albuminuria but 
otherwise appear clinically to be 
healthy. 
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ACRONECROSIS DUE TO FIBRIN THROMBI AND ENDOTHELIAL 

CELL THROMBI 


By Walter Pagel 

LONDON, ENGLAND 


(From the Central Middlesex Hospital) 


Cyanosis followed by necrosis of the 
extreme parts of the periphery (“Acra”) 
such as die tip of the nose, die lobe of 
the ear or the tip of a finger, is an event 
well known to occur in subacute bac- 
terial endocarditis. It is suggested that 
die term “Acronecrosis” be adopted to 
describe this phenomenon. Its usual ex- 
planation by embolism from distant 
sites appears to be unsatisfactory in 
many cases in the light of the findings 
recorded in this paper. These findings 
concern locally arising fibrin thrombi 
in post-capillary vessels as observed in 
2 such cases. A comparison will be 
made with die vascular changes in 3 
odier cases: 1 of subacute bacterial 
endocarditis without acronecrosis, 1 of 
unexplained purpura and 1 of fulmi- 
nant tuberculous septicemia. Finally, 
the relationship will be discussed with 
a variety of mural changes in smaller 
vessels as seen in generalized diseases 
such as Dermatomyositis, Lupus ery- 
thematosus disseminatus and Polyar- 
teriitis nodosa. 

Case Abstracts. CASE 1. A man aged 39, 5 
)'ears ago, had subacute rheumatic fever. It 
involved most joints and followed on tonsil- 
litis. One year ago, he had sudden severe pain 
in left knee; 3 montlis ago sliingles in right 
leg and pain, wliile rash was present. Since 
then, general weakness and development of 
clinically typical subacute bacterial endo- 
carditis, the most striking feature of which 
was the sjonmetrical spread of small hem- 
orrhages with necrotic centers in both ears, 
right arm, shoulders and big right toe; that 
is, tlie picture of “Acronecrosis”. 

Biopsy No. S.D. 1988 Skin (from necrotic 
area) of 1 finger of the right hand: In the 
cutis many dilated capillaries and venules 
are filled witli tlirombotic material (Fig. 1). 


tlie latter usually forming projections of 
fibrinoid material into the lumen ratlier tlian 
occluding plugs. Sometimes tlie clot, whetlier 
or not endothelialized, bridges the whole 
lumen effecting partition, or adheres to a 
tliickened intima in which endotlielial ele- 
ments appear to be swollen and proliferating 
(Figs. 1 and 2). Some of the fibrin-thrombi 
show an admixture of what appears to be 
proliferating and desquamated endothelial ele- 
ments and mononuclear cells. 

In one vessel, which is horseshoe shaped 
in cross section, fibrinoid material lines die 
entire convex surface. 

Necropsy No. 43-221. Irregularly dis- 
tributed petechiae, notably in the skin of the 
right hand (including fingers), at die right 
fore-arm, right toe and in bodi ear lobes. 
Larynx: Edema and petecliiae in the region 
of left part of die ventricular and vocal cord. 
Heart: Small area of granular vegetations on 
lateral cusp of tricuspid valve. Mitral valve: 
Two areas, each 2x1 cm., of grape-like 
vegetations. Parietal endocarditis on posterior 
wall of left ventricle. Spleen: Enlarged ( 14 .\ 
8 X 5 cm.). Almost fluid, dark red on cut 
section and adherent to adjoining organs. 
Kidneys: 14 x 8 x 44 cm. Capsule strips 
easily. Surface variegated, with petechiae— 
the picture of “focal embolic nephritis”. 

Bacteriology: Spleen grew H. influenzae 
pme culture. 

Histology: Myocardium: 1, large fibrotic 
scars; 2, extensive parietal thrombosis; 3, for- 
mations of granulomata in the parietal 
endocardium beneath the thrombus, witli large 
mononuclear elements, not unlike those seen 
in Aschoff nodules; 4, almost all the arterioles 
contain dirombotic material. While in the 
majority of vessels tliis material completely 
plugs the lumen or lies free in its centre, in 
a few arterioles die clot is eccentrically 
placed, occup)4ng less than two-thirds of die 
lumen and fused vddi the vessel wall. Some- 
times there is endodielial cover, but no in- 
growth of endothelial cells to suggest that 
organization has led to the parietal adhesion. 
Peripheral Muscle: Areas of vacuolar degen- 
eration of muscular substance vidi prolifera- 

( 42 . 5 ) 
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tion of muscular repair cells forming gran- 
ulomata. Kidney; Fibrinoid conglutination of 
s^ments of glomerular tufts and also of 
afferent arterioles, as seen in “embolic focal 
neplnitis”. Some interstitial hemorrhages. 
Spleen: Small area of hemorrhagic necrosis, 
necrosis. 

Comment on Case 1. With regard to 
the skin changes, the following fea- 
tures are noteworthy: 1, Symmetrical 
distribution in both ear lobes and 
shoulder regions; 2, The predilection of 
lesions for “Acra”; tliat is, areas in the 
extreme periphery where circulatory 
stagnation is most likely to obtain. On 
clinical grounds alone, therefore, the 
usual explanation of the small hemor- 
rhages and areas of necrosis in sub- 
acute bacterial endocarditis (that is, 
by embolism), appears unsatisfactory. 
The fresh granular appearance of the 
fibrinoid material unaccompanied by 
organization and yet firmly fused with 
the vessel wall suggests strongly tliat 
this has been a local thrombosis. 

CASE 2. Male, aged 30, had rheumatic 
fever at 6 years with signs of rheumatic car- 
ditis until 12. 

Latterly developed subacute bacterial 
endocarditis with slowly progressing hem- 
orrhagic necrosis, affecting the outer fringe 
of the helix of the ears ( Acronecrosis ) (Fig. 
3). The full details of this case are reported 
elsewhere (Dr. K. P. Ball). 

Biopsy Fboxi the Left Eab. (March 
27th, 1947; two and a half montlis before 
death): The ulcerated area shows fibrinoid 
necrosis of the upper layer with a fairly 
sharp lower margin but very little cellular 
infiltration along the junction line. Deeper, 
in the surviving tissue, tliere are nodular 
perivascular aggregations of lymphocytes. In 
the living zone, tliere are many greatly dilated 


capillaries, some of which contain small pro- 
jections of endothelial-covered fibrinoid ma- 
terial (Fig. 4), and in a few vessels tlie lumen 
is completely filled by the mass. 

Necropsy No. 47-205. Tall thin man with 
slight clubbing of tlie fingers. No petechiae. 
There is ulceration of the helLx of both ears 
witli some adjacent cyanosis. Brain; There is 
a recent hemorrhagic softening, 1 cm. in 
diameter, in the right parietal cortex involv- 
ing the wliite matter only. There is also a 
fluid filled space 2 cm. in diameter in the 
right occipital region. Heart: Enlarged, 460 
gm. Aortic conus 8 cm. wide. Left ventricle; 
lengtii from apex to aortic conus 10.5 cm. 
Left ventricular wall, width 1.3 cm. In tlie 
apex and part of the septum there is 
old and fresh infarction with aneurys- 
mal dilatation. The aortic valve is bicuspid 
and shows cauliflower vegetations on both 
cusps, each about 0.5 cm. long. These are 
hard but easily crumbled. The anterior 
descending branch of tlie left coronary artery 
shows a zone of fibrous narrowing witn 
occlusion about 3 cm. from its origin, but 
distally the lumen is patent. On the posterior 
cut surface of tlie ventricular wall tliere is 
myocardial fibrosis. 

Histological Examination. Myocardium: 
Some old fibrotic scars and one small area 
of recent perivascular infiltration with chronic 
inflammatory cells. Helix of left ear; The 
picture is now quite different from tliat seen 
a few weeks before in that the larger (prob- 
ably arterial) vessels show changes of 
fibrotic obliteration and recanalization (Fig. 
5). The only fibrinoid material seen occurs as 
small patches enclosed in tlie fibro-vascular 
tissue. Kidney: Clironic “focal embolic 
nephritis” with patchy fibrosis of glomeruli. 

Comment on Case 2. As in the pre- 
vious case, the bilateral nature of 
Acronecrosis and its gradual develop- 
ment argue against an embolic mechan- 
ism. Likewise, the histological picture 
in the biopsy of sessile and polypoid 


Fig. 1. Case 1. Capillaries of tlie skin of finger containing fibrintlirombi, some producing 
partition of vascular lumen. x250. In this and subsequent figures, magnifications have been 
slightly reduced for purposes of reproduction. 

Fig. 2. Case 1. Sldn. A., a small fibrin thrombus endothelialized and becoming incorporated 
into the intima simulating fibrinoid infiltration of the latter. B., fibrin thrombus partly endotheli- 
ahzed causing multipartition of vascular lumen, x 375. 

Fig. 3. Case 2. Acronecrosis of HelLx on both sides. 

Fig. 4. Case 2. Biopsy from HelLx. Ulcerated area with many venules containing fibrin 

tlirombi being endothelialized. x 100. 

Fig. 5. Case 2. Helix. Material removed at autopsy, 10 weeks after biopsy. Picture of 

organised and recanalised clots. x90. 

Fig. 6. Case 3. Capillary vdtli fibrinoid infiltration of intima. x375. 
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projections situated in tire venous sin- 
uses points to local formation. 

If only material from necropsy had 
been available, tlie appearances there 
of organization and recanalization 
might well have supported tlie inter- 
pretation of the whole process being 
the result of prerious embolism. 

CASE 3. A female factory- worker, aged 23, 
had given up work for 2 years because of 
ill health. One year before admission she 
was found to have a prcsystolic munnur and 
a radiograph suggestive of mitral stenosis. 


During the last 3 months, p.iin in left foot 
and dyspnea. Obese, cyanosed. >oung wom.m, 
mentally slow. Fiinili: marked sclerosis ol 
arteries with innumerable jx-techiae alons 
\-esse!s and papilledetiia. In right fundus' 
large white-yellow, ? degetieratise are, is. 
Gross defects in peripheral areas of Fields ol 
vision, eoinplete color hlinduess. ? SulMcute 
neplirilis. Died of licart failure. 

Nkcuoi’SV -t-t-lOS. A very ohese, eyanolie 
and edeniaton.s young woman. No clianges in 
brain and pitnitarv. Tongue suKioth. Com- 
plete, probably embolic, obslnieliou of main 
branch of right pulmonary artery. Heart { 1000 
gin.): Cross dilatation of rigid side and 
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the intima, as a rule on one side of tlie cir- 
cumference only. There were hardly any addi- 
tional perivascular changes. 

The other organ in wliich similar vascular 
changes are most prominent is tlie suprarenal, 
including the surrounding fat tissue. Not only 
fresh hyaline infiltration of tlie intima (chiefly 
on one side of tite vascular circumference), 
but also fibrous intimal cushions arc present, 
obviously the end result of intimal granu- 
lomafa, and fin.illy arteries uith a <louble 
lumen not unlike those found in the lungs 
of Case 3. The spleen and kidneys botli show 
hyaline deposits in the intima of the arterioles 
and there is some hyaline thickening of 
glomerular capillaries with occ.asional cres- 
cents. 

Hemorrhages in the skin and brain were 
extensive, but no v.ascular changes compar- 
able to those described above were dis- 
covered. The active femur marrow contained 
a considerable number of app.irentl)’ nonnal 
megakaryocj tcs. 

Comment on Ca.se 4 . This is a case 
of piirpnra associated with widcsjircatl 
arteriolar disease without obvious 
cause. The picture dilTcred from that 
of the preceding cases in the absence 
l)oth of fibrinoid infiltration and of val- 
vular vegetations as a possible source 
of emboli. 

C.ASE 5. Male, aged 5 1. .An inst.ince of 
tulmin.xnl tubeiculous septicemia reported in 
detail eKexshere (Hl.iir and Pagcl', 1017) 
This c.ise is mentioned bec.nisc the arterial 
c.apillaries of the mxocardium show fiiirinnid 
infiltration involving the intim.i on one sidt 
of the xascular tireumfi rente (Fig. 10) 
These thanges are identic d witli thosi- ob 
serxed in (l.ise •( and soon' of thosi- in 
C:.ise .3. 

The locali/ation of the arleriolai 
changes in the niyocardinm in the ah- 
.Sfiice of clinical hypertensinn or an\ 
vascular changes in kidney, spleen ot 
p.increas seem to indicate similaritx 
XX ith the previous cases. 

Discussion. The vascul.rr changes in 
these e.tscs arc of 2 Ixpes: 1, .Small 
fihriiKK-ellnlar tiiroinhi fonnrl in xemile' 
of the skin and (Kvasion.iUv in aitcri 
oles. nntahiv of fh" lung. In the skit, 
tin- thrombi b.id enns'-d mtiltip irtition 
of sonic of tie- x'cnnlcs. It is rc.\son.'.b!> 
to assume tlut a sintikir process can 
tak'c place in small arteries of tie- lung 


witli tlie final result of a picture not 
unlike tlie “specific lesions ot peripheral 
blood vessels in rheumatism" described 
by von Glalin and rappcnheinier^ 
(1926). 2, A liyaline-fibrinoid infiltra- 
tion in the intima of arterioles. 

Type 1 is suggested as the explana- 
tion accounting for at least some of the 
cases of “acrocyanosis” and “acrone- 
crosis” in subacute bacterial endocar- 
ditis. This type corresponds exact!}’ with 
the lesions described by Oppenheim’' 
(1921) and Ccelcn- (1926) in typhoid 
fever, by Siegniund"-’- (1923, 1925) in 
a variety of spontaneous (notably strep- 
tococcal) and e.xpcriiiicntal infections, 
and by Pagel’” (1926) in tuberculosis 
of the e.xpcriiiicntal animal. Their ex- 
perimental reproduction by repeated 
intravenous administration of micro- 
organisms (staphylococci, B.coli, ty- 
jihoid or tubercle bacilli) which are, 
iiowever, not demonstrable in the vas- 
cular lesion, suggests that they are con- 
nected with a bactericidal and cleans- 
ing action situated in the ciidothclimn. 
Later, the small thrombi arc organized, 
forming inlinia! gramiloniata and final- 
Iv scars. In typhoid fexer and tiihercii- 
losis it is possible to find a range of 
vascular lesions, focal necrosis, fibrinoid 
and monocytic tliromhi. intimal granu- 
loniata and .scans. In .siihaciite hacleria! 
endocarditis the association of fibrinoid 
tliroiniii with numerous large inniiu- 
iiuclear cells in the capillaries of the 
extreme periphery such ns the e.ir and 
fingers is very obvious, 'fin's ahiindanci- 
of inoiioiiucli’ar cells may he inter- 
preted as a .sef|uel to the generaii/ed 
i-iidothelial cel! prolih-ratioii and the 
fibrinoid nodules in the perijihera! 
e.tpillark-s may also Iv- s»-<nnd.iry to 
endothelial jiroliferation. Ft may he 
mentioiu-d, hoxx'i-ver. that fibrinoid 
unxhiles without assfK'iated endotlieli.il 
proliferation have been proflneed in 
the «-nd(K-ardimn hv the injection of 
n enli in x.iecinafed r.ihhits (Masiigi 
ami Isib.isr. 1916). 

Both the f'vperiineiil.d .and liurn in 



pagel: acrocyanosis due to fibrin thrombin 


431 


evidence suggest tliat we are dealing 
witii an immunological phenomenon,, 
associated with local fixation and diges- 
tion of organisms by endothelial and 
blood elements. It is suggested that 
first endothelial cells are destroyed and 
tlieir debris, together with deposits ol 
fibrinoid material or fibrin, form a small 
mass adherent to the wall; this is soon 
endotlielialized and organized, to give 
the intimal granuloma. Where the mass 
is very small and not projecting it may 
well give the impression of a fibrinoid 
thickening of tlie intima. We thus have 
a picture not unlike tliat observed in 
polyarteritis nodosa, subacute bacterial 
endocarditis (e.g., Masugi and Isi- 
basi®, 1937, Fig. 9), disseminated lupus 
erythematosus (Klemperer et ah, 1941), 
dermatomyositis (Pagel, Woolf and 
Asher^®“), and the response to intra- 
dermal injection of heat-killed strep- 
tococci in rheumatic fever patients 
(Humphrey and PageP®). The incor- 
poration of these small fibrinoid masses 
into the wall is well seen in Cases 1 
and 3, and it is only with care that 
they can be distinguished from the 
fibrinoid infiltration of the intima seen 
in Cases 4 and 5. It is, however, not 
suggested tliat fibrinoid infiltration of 
the intima is normally the product of 
the organization of fibrin thrombi. It 
is often an independent change and 


also believed to be of immunological 
origin (Masugi and Isibasi®, 1937^ 

Finally, the location of the fibrin 
tlirombi in extreme parts of the periph- 
ery (“Acra”), as seen in Cases 1 and 
2 may be explained by a predisposition 
of these parts to thrombosis, as seen 
for example, in frostbite, in which hya- 
line and agglutinated thrombosis is the 
essential change (Lange, Weiner and 
Boyd®, 1946; Friedman and Kritzler®, 
1947). 

Summary and Conclusions, 1, In two 
cases of subacute bacterial endocarditis 
small fibrin thrombi and endotlielial 
cell tlirombi in the venous sinuses ol 
the skin are described as the cause ol 
Acronecrosis. 

2, Similar fibrin thrombi and endo- 
thelial cell thrombi were observed in 
the smaller branches of tlie pulmonary 
artery in a third case of subacute bac- 
terial endocarditis. 

3, Organization of fibrin thrombi and 
endothelial cell thrombi can lead to 
fibrinoid and hyaline tliickening of 
parts of the vascular wall or to multi- 
partition of a vessel owing to organiza- 
tion of multiple such tlirombi. 

4, Necropsy and experimental evi- 
dence suggest that the vascular changes 
described are due to a hyperergic 
response to antigenic stimuli. 


The author’s tlianks are due to Drs. H. Joules, J. Sakula and K. P. Ball for the clinical 
notes and helpful suggestions, to Professor A. C. Lendrum for reWsion of die manuscript, 
to Mrs. H. Meyer, Mr. J. E. Mai'hew and L. Spain for technical and to Miss H. Saxl and 
Mrs. B. Burnett for photograpliical assistance. 
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T7iE ADMINISTRATION OF HISTAMINE DURING PREGNANCY: 
APPARENT LACK OF A CLINICAL OXYTOCIC EFFECT YVITII 
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In the course of a prolonged pro- 
gram of clinical investigation and 
treatment of the so-called vascular 
diseases, allergic diseases and certain 
at)'pical pain patterns not amenable to 
more iKstial forms of treatment, we have 
had occasion to administer or to pre- 
scribe tlie administration of histamine 
ill relafi\-cly .small doses by the intra- 
venous or subcutaneous route to 15 
pregnant women, llie ((uesfion of the 
wisdom and the safetv of using this 
drug in pregnane}’ has ari.sen. It has 
been pointed out that not only was 
histamine first derived from ergot but. 
in the past, it has actually been u.sed 
as a uterine stimulant. In addition, the 
recent obstetric”, physiologic-’' "-, pliar- 
macnlogic'-”* and endocrinologic”” liter- 
ature continues to discuss the ovvtocic 
effect of histamine in women and in 
female animals. ,\s recentlv as 1910. 
(‘ditorial comment in the "Obstetrical 
and Cvnecologieal .Sursev" was a 
reminder that histamine "exerts a 
powerful stirnul.ifing effect directly on 
the mvometrium," Indeed, an impres- 
stu* .'irr.iv of I'sp'Timental litcr.iliirf 
m i\' !)<■ found to dfK iimenf this opinion. 
In si''W, {hereff)re. of the tlworeticaf 
and ap[).!ri’nt h,r/ards of histamine 
tiwr.ipv during e, s(,jtinn. and iiec.mse 
of th" .diM-n'e of ,inv und-sh.dde 
of such treatment in our 
se^j’s of cases, we wish to r* cnrd our 
ohscrvatioiis bi addifinn, '.se wish 


briefly to review some of the signifi- 
cant contributions of earlier workers 
relating to the oxytocic effect of hista- 
mine and to the general concept of 
histamine metabnli.sm in pregnancy. 
Such data, to our knowledge, have not 
been gathered together in any recent 
review. This material will serve as a 
convenient prologue to oiir clinical 
notations. 

Rcs'icw of the Literature, Iloflianer''’ 
in 1926 studied the effects of acute 
histamine poisoning in pregnant guinea 
pigs. lie observed a nmnlier of jihe- 
nomena that were similarly noted in 
premature separation of the normally 
implanted placenta. Uterine spasm was 
one of the most consistentiv observable 
responses. 

Honnii' and Bund, in 1927. h\’ uti- 
lizing intra-utcriiu' hags with mano- 
meter attachments in parturient 
women, demonstrated that histamine 
injected snhcntaneonsly in a dose of 
2.9 mg. f reckoned in terms of hista- 
mine base present) firodiiced powerful 
Imt short-lived uterine confraefions. 
YViili doses /if less than 1.0 mg., no 
certain change in the intensity of the 
nlrriiif rnoiemenls w.is seen but an 
increase io the frcfinenev of the ton- 
fractions for a fi'-riod of dO miimtes 
w.as encountered. It seemed as though 
file {lose of 2 0 mg. exhausted (he uter- 
iiu' nmscid.iture. Ineanse a period f)f 
rpu’eseence followed the heightened 
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activity, and the effect, powerful as 
it was, did not shorten the course of 
labor. The dilatation of the cervical os 
was not greater at the end of the effect 
than at the beginning. The effect of the 
injection of a dose of 2.0 mg. appeared 
Muthin 1 minute and the intra uterine 
pressure rose to 76 mm. of mercury 
and did not fall again to the base line 
of 25 to 40 mm. of mercury for 20 
minutes. The authors supposed that 
liistamine with its rapid-acting effect 
and ergotamine with its slower-acting 
effect might, in combination, represent 
an effective oxytocic. 

In 1930 Feldberg and Schilf^® 
reviewed all of die available literature 
on histamine. They observed diat the 
virgin uterus was especially sensitive 
to histamine and they’ quoted Dos- 
sena® regarding its fleeting effect on 
excised strips of human uterine muscle. 
Concerning die use of histamine dur- 
ing labor, Jager’s^®'^" studies were 
extensively cited. He injected histamine 
in a dose of 8 mg. bodi subcutaneously 
and by the intramuscular route. A con- 
tractile effect on die uterus could 
quickly be detected by abdominal pal- 
pation. After several minutes, powerful 
and frequent pains occurred which 
seemed, for a time, to hasten the birth 
process and to cause the uterus to be- 
come painful and of a ligneous consist- 
ency. However, in several cases, after 
about half an hour, the cer\Tx seemed 
less dilated, and effacement appeared 
to have regressed mth actual impedi- 
ment of lalior. Koch^^ said that with 
doses of 0.5 mg. to 1.0 mg. strong 
labor pains were produced for 5 to 8 
minutes and seemed to hasten labor. 
He also observed diat in the use of 
histamine in the postpartum period a 
relaxation effect followed the immedi- 
ate contractile action. He interpreted 
this effect as a possible fatigue phe- 
nomenon. He actually observ^ed severe 
atony in the postpartum period when 
histamine had been used during labor. 


Feldberg and Schilf concluded tliat 
the use c histamine during labor and 
immediate 'v after delivery was unsuit- 
able for till- following reasons: 1, doses 
of a high order (8 mg.) lead to unsatis- 
factory and [lotentially dangerous side 
effects; 2, pio longed tonic contractions 
of the uterus may occur; 3, tlie cerNUX 
in some cases not only does not dilate 
but may contract; 4, die short-lived 
contractile eftects are followed by 
relaxation; 5, premature separation of 
the placenta might be induced. 

The same authors, in their chapter 
on the intoxications of pregnancy 
mentioned that although most authori- 
ties did not accept an anaphylactic 
theory of premature separation of the 
placenta, Kammerer^® believed that at 
least some of the lesser symptoms of the 
toxemias of pregnancy are on an 
allergv-anaphylaxis ( histamine ) basis. 

Kiipper^® in 1930 discussed the work 
of Koch and Jager further. Koch said 
that he had used histamine as a st}'ptic 
in cases of severe hemorrhage and that 
injections of 0.25 to 1.0 mg. of the drug 
had stopped postpartum bleeding. He 
further stated that the duration of 
action of histamine lasted from 10 to 
24 hours in some cases. Jager thought 
that doses up to 6.0 mg. were \wthout 
effect but that a dose of 8.0 mg. admin- 
istered bv eitlier the subcutaneous or 
intravenous route produces powerful 
effects lasting from 60 to 90 minutes. 
He referred to the side effects of the 
larger doses as remarkable and objec- 
tionable. 

Danfortli and Gorham* in 1937 
reasoned tliat ‘since histamine is knovm 
to be a powerful ox}4ocic” determi- 
nations of the histaminase content of 
human placentas avouM be of interest. 
Accordinglv, by the methods of Best 
and McHenr}o histaminase detirmina- 
tions were made upon 84 human plac- 
entas. These investigators (>bsen^ed 
that an increased concenti’ation of 
histaminase Avas to be found in the 
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placentas of women witli inertia and 
sluggish labors. However, Danforth'’ in 
a later and more detailed publication 
stated that although the amount of 
histaminase in the placenta showed 
some correlation with the efRciencv of 
uterine contractions, the evidence was 
not sufficient to warrant a definite con- 
clusion. Among the data denving the 
hypotliesis of a correlative relationship 
was the conclusion of Marcou-' who 
found that the concentration of hista- 
mine in tlie blood declines stcadilv in 
the few days before labor and docs not 
return to normal until after deliver}', 
whereas, if histamine were an essential 
oxytocic and histaminase its essential 
inhibitor, the converse might be 
e.xpccted. Danforth further observed 
that it had not been possible to initiate 
premature labor in guinea pigs or in 
rabbits by the administration of hista- 
mine in physiologic doses. lie con- 
cluded that it was most likely that the 
histaminase content of the placenta 
was in no way related to utc'rinc con- 
tractions but could be thought of 
rather as an index of the amount of 
active, functioning parenchvmatous 
tissue in the placenta. 

Kapcller-.-\dier and Adler-', and 
Kap'^'lIer-.Adlcr-'^, dfuionstrated that the 
histaminase reaction was negative on 
the senun of nonpregnant women but 
that in normal pregnancy serum, the 
histaminase reaction was found to be 
positive without exception, irrespective 
of the substrate used. It was observed 
tint in toxemic patients there was con- 
siderable histaminuria. nr liistamine 
was prt'sent in the nrine in small traces, 
or lieling altogether. 

.\h!mark’ HOtt' in his classic xvork 
stated tint histamine Ins a contractile 
effi'tt t![vm tljo titenis Hess pronounced 
during jiregii mev’i rmd tint the hurnati 
placent.i co:itains a considerahle 
.■>tivi’int of his! uniins's lie obserxed a 
ro'isid'T.ihle increase rif eii/vin*' flnst.a- 
mirnse'. acts', during pregnancy 


from about the seventh week after the 
last menstrual period. .\t about this 
time, the increase in enzs-me aclixit}- is 
so great that it is possible to demon- 
strate the increase from one day to 
another. During the latter part of preg- 
nancy, tlic enzyme activit}- attains 
about 500 to 1,000 times the nonnal 
value. 

Koloszxaiski-^ ( 1943) found that there 
was clear cxadcncc of specific hista- 
minasc activitx' in the last 6 months of 
pregnancy but no evidence of such 
specific activity in nonpregnant women. 
This author, however, found no inhi- 
bition of histaminase activity in 
preeclampsia as reported by Kapelicr- 
Adler. 

Iloflraucr’^ in 1946 reviesved the evo- 
lution of the biologic concept of the 
cause of the late toxemias of pregnancy 
and discussed the literature on hista- 
minase. 

Page-" has discussed a related topic 
and c.xprcs-scd the opinion that the 
histidinuria of pregnancy is due to an 
inhibition of or intcrhuencc with the 
renal tubular mechanisms rather than 
the result of any hormonal inhibition of 
hepatic hi.stidasc hv chorionic gonado- 
tronin. as proposed hv Kepeller-.AdIcr. 

Hose, Ilarkness and I'orhes-'’ eon- 
finned Ahlmark's work regarding fin- 
increase in tlie concentr.ifion of plasma 
lestaminase in pregnanev. 

Kditorial comment in the "Obstetrical 
and Cvnecologic.al .Survey” in 19(6 
re'.:arding the articles of I’.age and 
K'olos/vnski. referred to above, re- 
viewed tlie implie.itions of the relatinn- 
shin of histidine, histamine and liisfa- 
min ise metalKilism in pregn.anr y. It 
w.js pointed on! tint fie- evidence for 
.1 hisfaminie <-ause for eclampsia xvas 
(crf.iinlv incoTiclusisc hut that a thenrv 
of hist.'imine intnxicnlioii in pl.acctifa! 
.ahniptio-i was a sorii'-v.lnt more rea- 
son d)!e liv[Kithe'.is It sv.ts slated that 
htst.imine' is a pof'-nf profopl.ismie 
poi on flluep-r and Iclmhwskr ■); 
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diat it exerts a powerful stimulating 
effect directly on the myometrium, and 
that this amine can produce profound 
shock and in animal experimentation 
can produce a good replica of abruptio 
placentae. 

Cushny^, discussing histamine, said 
that the stomach, intestines and uterus 
contract powerfully and may pass into 
spasm in response to histamine and, as 
the effect is not counteracted by atro- 
pine, it probably arises from direct 
action on the muscle. The uterus, he 
said, is exceedingly sensitive to the 
presence of histamine. 

Selye®® reminded that the musculo- 
tropic actions of histamine are so 
marked that some of them ser\^e as a 
basis for its bio-assay; that is, con- 
traction of guinea-pig intestine or 
uterus in vitro. 

Sollmann®^, in the 1948 edition of his 
"Manual of Pharmacology,” said that, 
clinically, a hypodermic injection of 
0.33 mg. to 2 mg. of histamine produces 
prompt and powerful but brief stimu- 
lation of the parturient or postpartum 
uterus with spasmodic contraction 
beginning in 1 or 2 minutes and last- 
ing for half an hour (Bourne and 
Burn^; and Jones and Barlow^®.) He 
furdier stated that its use is not satis- 
factory as it causes undesirable side 
reactions— marked vasodilatation, rapid 
Dulse, headache and violent vomiting. 
Sollman made the further reminder 
that the excised uterus of a woman is 
also stimulated (Kehrer^-, Guggen- 
heim^^) as are the uteri of pregnant 
and nonoregnant cats, rabbits and 
guinea pigs (Barger and Dale^), but 
the uterus of the rat is relaxed (Fueh- 
ner^^). 

Clinical Obseiwations. In the 5-year 
period ending April, 1948, approxi- 
mately 4,600 patients have been seen 
on the serwce of one of us (B. T. H, ) 
and approximately 70.000 intravenous 
injections of histamine ha\'’e been 
given. In addition, some 30,000 subcu- 


taneous injections of this drug have 
been administered and approximately 
1,200 patients have been instructed in 
the technic of self-administration of the 
drug by hypodermic injection. Fifteen 
of these patients (12 of whom had 
multiple sclerosis ) were pregnant while 
under our care. 

The average age of our pregnant 
patients was 27 years and only 3 
patients were past the age of 30 years. 
Six of the patients were primigravidas 
and 9 were multigravidas. Se^'^en 
patients received subcutaneous injec- 
tions of histamine daily diroughout tlie 
entire period of gestation. Intravenous 
injections of tliis drug have been given 
in every montli of the pregnancy, and 
in 2 cases the injections were given at 
least 3 times weekly throughout the 
entire third trimester to within 3 days 
of deliver)^ In 13 of the 14 cases in 
which the patients have tlius far been 
delivered, there has been no tendency 
to premature labor, although labor 
occurred 2 weeks before the expected 
date in 1 case (Case 14). Twelve of 
these 14 patients have had their labor 
after the expected date of confinement. 
The greatest number of subcutaneous 
injections given was an estimated num- 
ber of 270 to 5 of the 6 patients who 
said that daily injections were taken 
during the entire pregnancy. The 
greatest number of intravenous injec- 
tions given to any patient was 48. 

The maximal amount of histamine 
given was administered to a primi- 
gravida, aged 23 years, who had mul- 
tiole sclerosis. Tliis patient received 45 
intravenous infech'ons, each of which 
consisted of 2.75 mg. of histamine 
diphosphate (1.0 mg. of histamine 
base) during the third, fourth and fifth 
months of her pregnancy. Tlie patient 
received apDroximatelv 140 mg. of 
histamine diphosphate during her preg- 
nancy. Hie average total dose for each 
patient per pregnancv was abotit .50 
mg. of histamine diphosphate. Four 
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diphosphate (0.05 mg. of histamine 
base). The month of tlie pregnancy in 
which this bleeding occurred is not 
kno\vn. Since this is one of die smaller 
amounts of histamine given to any 
patient in die group, die significance 
of diis bleeding is questionable. 

The data regarding diese patients are 
summarized in Table 1. The average 
duration of labor was 12.6 hours for 
the primigravidas and 7.4 hours for the 
multigravidas. No postpartum bleeding 
occurred in this series. The one 
Caesarean section was done because 
of a previous Caesarean section. 
No significant conclusions regard- 
ing lactation may be made. However, 
information is available regarding 12 
of the 14 women who have delivered. 
Four women were unable to nurse dieir 
infants; 1 woman did not attempt nurs- 
ing; 6 women nursed their infants ade- 
quately and 1 woman was able to nurse 
her baby for a period of 3 weeks. It is 
an interesting, but certainly not statis- 
tically significant, sidelight that the 2 
women who received intravenous injec- 
tions of histamine at least 3 times per 
week tlrroughout the endre third tri- 
mester to wnthin 3 days of delivery 
and were tlien delivered under our 
care had bountiful supplies of milk. All 
of the babies thus far delivered have 
been normal. 

One additional comment mav be 
made regarding die women who 
received intravenous iniections of hista- 
mine regularly tlrroughout the third 
trimester. It was distinctly observed by 
the technicians and attending physi- 
cians that the histamine tolerance of 
these women, as indicated by tlieir 
susceptibility to ordinary tlierapeutic 
doses of the drug and by tire intensity 
of their histamine flush, was distinctly 
lowered very shortly after the termi- 
nation of dreir pregnancy. Tire thought 
is thus adr'anced drat dre elevated con- 
centration of histaminase of late preg- 
nancy may well har’^e inhibited the 
intensity of the cutaneous flush and 


other systemic side effects of histamine 
in the terminal stages of pregnancy, 
for similar doses of histamine could not 
be tolerated in dre immediate puerper- 
ium. 

Comment. We wish to suggest on the 
basis of our experience that there is at 
least an apparent lack of a clinical 
oxytocic effect when dre mentioned 
therapeutic doses of histamine diphos- 
phate are administered by dre subcu- 
taneous or intravenous route or by bodr 
routes to pregnant women. Zelle^® has 
calculated and suggested, on dre basis 
of his data and Ahlmark’s data, drat 
one might expect approximately 30 mg. 
of histamine base per hour to be inacti- 
vated by the histaminase (di-amine 
oxidase ) present in approximately 5,000 
cc. of blood of a pregnant female near 
term, and, therefore, that dre amount 
of histamine which we have adminis- 
tered might, on theoretical grounds, be 
regarded as a nonoxytocic dose. (The 
blood volume® of an average sized male 
[70 kg.] is about 6,300 cc. ) 

We offer no preferred explanation as 
to why the oxytocic effect described by 
so many authors and attested by abun- 
dant laboratory study did not occur. 
Our only purpose has been to ex'press 
the physiologic point that these rela- 
tively small doses of histamine did not 
elicit, from our patients, a clinically 
measurable uterine response. However, 
a few of the possibilities wlrich immedi- 
ately present themselves to explain the 
theoretical discrepancies are: 1, that 
the elevated concentration of hista- 
minase knovm to occur in pregnant 
women might be responsible for the 
inactivation of the injected histamine 
(see Zeller’s calculation prewously 
mentioned); 2, that die dose of hista- 
mine used was not adequate to provoke 
a clinically obseix'able ox}i:ocic 
response (the workers who adminis- 
tered histamine as an oxn^ocic used 
some doses of a much higher order 
than ours); 3, that the altered neuro- 
genic response in the 12 patients in 
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THE ABSORPTION, DISTRIBUTION, EXCRETION AND TOXICITY 

OF BACITRACIN IN MAN* f 

By Harold A. Zintel, M.D. 

Ronald A. Ma, M.D. 

Anna G. Nichols, M.S. 

AND 

Helen Ellis, B.A. 

PHILADELPHIA, PENNSYLVANIA 

(From the Harrison Department of Surgical Research, Schools of Medicine, 
University of Pennsylvania) 

Since the original description of determined in 33 patients. The dosages 
bacitracin^ by Johnson, Anker and used varied between 16,000 and 60,000 
Meleney, a number of articles have units of bacitracin. The majority of the 
appeared in the literature regarding patients received 50,000 units of baci- 
the characteristics of bacitracin, the tracin intramuscularly every 6 hours, 
pharmacology of bacitracin in animals Following a single intramuscular injec- 
and the clinical eflEectiveness of baci- tion of 50,000 units of bacitracin the 
tracin in the treatment of clinical infec- highest concentration of bacitracin in 
tions in man^’^’®'^’®'^^. As the clinical the serum was usually found 2 hours 
results have in large part been covered after the injection. At this interval of 
in these publications, no attempt ^vill time the concentration was usually in 
be made in this report to analyze the the neighborhood of 0.3 units of baci- 
clinical results of bacitracin therapy in tracin per cc. of serum, although con- 
the 152 patients treated by members of centrations as high as 1.0 unit and as 
the staff of the Hospital of the Uni- low as 0.006 units per cc. of serum 
versity of Pennsylvania. However, the were observed. Six hours after tlie 
absorption, distribution, toxicity and injection tlie average concentration of 
excretion of commercial preparations of bacitracin was 0.03 units per cc. of 
bacitracin were determined in a limited serum witli variations between 0.004 
number of patients. An attempt was and 0.46 units per cc. of serum. After 
also made to determine the concentra- repeated injections of 50,000 units of 
tion of bacitracin attained in pleural, bacitracin at 6 hour intervals for sev- 
ascitic, cerebrospinal and pericardial eral days, bacitracin levels, ranging 
fluids in respect to the concentration of between 1 and 3 units per cc. of serum 
bacitracin in the blood serum. Studies were frequently found. (See also Tables 
were also made to determine possible 1 and 2 and Figs. 1 and 2.) The method 
toxic effects on the liver, kidney, and of determining the concentration of 
the cellular elements of die blood, bacitracin in body fluids was devised 

Absorption. The concentrations of by Miss Balbina A. Johnson. No correc- 
bacitracin present in the blood serum tion was made for die partial inhibition 
1, 2, 4 and 6 hours after an initial intra- of bacitracin by serum as described by 
muscular injection of bacitracin were Scudi^^. 

“ The work decribed in tliis paper was done under a contract between the Department of 
tlie Army and the University of Pennsylvania and was reported to the Subcommittee on 
Chemotherapeutic and otlier Agents of the National Researcli Council on November 22, 1948. 

1 The Bacitracin was kindly supplied to us by the Commercial Solvents Corporation. 

(439) 
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TABLE 1. CONCENTRATION' OF BACITRACIN IN BLOOD SERl'M AND ASCITIC 
FLUID FOLLOWING A SINGLE INTRAMUSCULAR INJECTION OF (‘iOOO 
UNITS IN 3 AVERAGE CASES 



IIcpTlic Cirrhosis 

AMominal Caremomajo^K 

Cl.tTlC 

Curiinoina 

Dm 

Blood 

A'cltic 

Blood 

.Witic 


.SicUit 


Srnim 

Fhiid 

Semm 

Fluid 

Sf rum 

r uiKi 

I hr. 

0 2S1 

0 0018 

0 016 

0 003 


0 002 

2 hr. 

0.201 

0.0281 

0.011 \ 

0 00-J 

0 006 

OOflS 

1 hr. 

o.s-n 

0.0136 

0.12S 

0.06-1 

0.12.-) 

0 062 

6 hr. 

0-lG 

O.OG-I 

0.061 

0.128 

0 031 

0 062 


TABLE 2 CONCENTRATION OF BACI- 
TRACIN IN BLOOD SERUM AND SPINAL 
I'LUID FOLLOM'ING THE INTRAMUS- 
CULAR INJECTION OF .19,000 UNITS OF 
B.VCITRACIN IN A CASE OF BRAIN 
TUMOR 


Tim«* Aftrr 

Blood Smim 

Spinal FImd 

Injection 


I-cacl 


ii/cc. 

ri/cc. 

I lir. 

0.12 

0.0009 

2 hr. 

0 2) 

0.001 

I hr. 

0.03 

0.007 

6 lir. 

0 03 

0.001 


DisniincTiov. Hacitracin was readily 
dislrihiiled to pleural and ascitic fluids. 
Only traces of bacitracin wore found 
in pericardial and cerebrospinal fluids. 
The concentrations of bacitracin found 
in blood and pleural fluid at intervals 
o\er a period of 0 hours following a 
single intramuscular injection of -10.000 
units of bacitracin to a patient with 


arteriosclerotic heart disease and myo- 
cardial infarction are shown graphically 
in Fig. ]. In this patient the pleural 
fluid concentration of bacitracin gradu- 
ally increased until at the end of -1 
hours it was ecjual to the then falling 
concentration ol bacitracin in the blood 
serum. The concentrations of bacitracin 
in the blood .serum and ascitic fluid 
following a .single intramusetdar injec- 
tion of -19.000 units of bacitracin in a 
patient with abdominal carcinomatosis 
are shown in Fig. 2. The concentra- 
tion of bacitracin in the ascitic fluid 
gradually increased until it was greater 
than the concentration of bacitracin in 
the serum 0 hours after the injection of 
the bacitracin. Table 1 shows the 
marked variations that occur in the 
bacitracin concentrations attained in 
ascitic fluid as comjj.ired to the serum 
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concentrations following single intra- 
muscular injections of 50,000 units of 
bacitracin intramuscularly. The con- 
centrations of bacitracin in tlie ascitic 
fluid of different patients may vary 
witli the amount of ascitic fluid present 
and the disease process which produces 
the ascitic fluid. A patient with a brain 
tumor had only traces of bacitracin in 
tlie cerebrospinal fluid following 1 
intramuscular injection of 50,000 units 
of bacitracin (Table 2). One hour after 
intramuscular injection of 49,000 units 


of bacitracin, a patient with tuber- 
culous pericarditis was found to have 
0.005 units of bacitracin per cc, of 
pericardial fluid, 

Excreiton, The mrinary excretion of 
systemically administered bacitracin 
during tlie flrst 24 hours of therapy was 
studied in 9 patients. The results are 
shovm in Table 3. The total daily dos- 
ages varied between 80,000 and 260,000 
units of bacitracin (20,000 to 65,000 
units intramuscularly every 6 hours). 
The percentage of tlie total adminis- 



Fig. 2. Concentration of bacitracin in blood and ascitic fluid following a single intramuscular 
injection of 49,000 xmits in a patient witli abdominal carcinomatosis. 


TABLE 3. 

URINARY EXCRETION 

OF BACITRACIN, INITIAL 24 

HOURS 


Bacitracin 

Daily 

Daily Urinary 

Percentage 

Patient 

Total Daily 

Urinary 

Bacitracin 

Bacitracin 


Dosage 

Output 

Excretion 

Excreted 


u 

CC. 

U 

% 

1 

260,000 

2,500 

50,000 

19.2 

2 

162,000 

635 

15,325 

9.4 

3 

196,000 

1,425 ' 

60,712 

30.9 

4 

200,000 

775 

42,660 

21.5 

5 

216,000 

3,060 

42,100 

19.5 

6 

209,000 

2,050 

60,200 

28.7 

7 

196,000 

1,575 

32,100 

16.0 

8 

80,000 

1,320 

20,240 

25.5 

9 

200,000 

875 

24,260 

12.1 
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tered bacitracin excreted in 24 hours 
varied between 9.4 and o0.9c. It is 
apparent that considerable bacitracin 
i.s cither retained or destroyed in the 
body. The 24 hour urine volumes of 
these patients varied between 6-S5 cc. 
and 3.060 cc. of urine. In the data 
obtained there was no apparent corre- 
lation between the 24 hour urine vol- 
ume and the percentage of the total 
administered bacitracin that appeared 
in the urine. In Patients 2 and 9 the 
24 hour urinary excretion of bacitracin 
was again determined after .several 
days of bacitracin therapy and the per- 
cent of the total daily dose of the 
antibiotic excreted was found to be 
23.5'i' and 21,47 respectively. 

Toxicity. The incidence of clinical 
evidences of bacitracin toxicity in 20 
patients who received the antibiotic 
intramu.scularly is shown in Table 4. 
Although the majority of these patients 
received approximately 50,000 units of 
bacitracin oven' 6 hours or a total daily 
dose of 200.000 units of bacitracin, 
veveral of the patients developed evi- 
dences of toxicity on a total dailv dose 
as low as 60,000 niiit.s per day, 

TMH.i; I CI.lNiC.M, EVinisXCKS or 
n\f;n n\(:iN Toxicm' in go p.ntif.nts 

r*’ 

l.ix il Jinn and iniiiir.itinn (7) 

(1) ti 

Si m r.i-.!! 1 7 I t'"> 

N uiM .V ant. or. \omitin'; (.71 27 

.\pjx ir.’.nif of .'iliinrrnn'irn or 

If. fn*- in .Tn-’iniiiinn 1 (7' 27 
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obvious induration was present for 24 
hours after an intramuscular injection. 
Procaine solution (0.57) was used as the 
diluent for all intramuscular injections. 
Pain immediately after injection of 
the procaine-bacitracin solution was 
minimal. 

Petcchiac of the .shin in the area of 
an intramuscular injection were noted 
in 1 patient. Three patients developed 
an extensive macular skin rash. In 2 
instances the rash disappeared during 
bacitracin therapy. The third patient 
developed the skin rash 7 days after 
bacitracin xvas discontinued. The pa- 
tient. who developed the skin rash 7 
days after discontinuation of bacitracin 
therapy, received no other chemothera- 
peutic or antibiotic agents before the 
rash apjicarcd. The bacitracin was dis- 
continued hecanse of nausea and vom- 
iting. which persisted until the rash 
appeared. 

N'ausea or nausea and vomiting were 
prc.sciit in 257 of the 20 patients. In 
several patients it was necessary to dis- 
continue bacitracin therapy because of 
persistent and severe nausea and vom- 
iting. One jiatieiit with osteomyelitis of 
the spine, received bacitracin on 3 dif- 
ferent occasions 3 to 5 weeks apart. 
There were no f'videnees of toxicity 
during the first period of therapy. 
During the second period of tlierapy 
he complained of nausea, ringing of 
tlie ears, and immediately after an 
iiijection, a peculiar taste in the month. 
The third time (hat h.n itraein was 
administerefi tiie same ssmptorris were 
<-\perienf ed and it sv.is netess.irv to 
di c^nitimie haeitraiin after 3 days of 
tfii-r.ijiy h’-ean-.e of severe n.uee.i and 
vomiting 

Tlie .ijipe.ir.itn e of aihntninnri i in 
presimisly free of allunninnri.v 
or .in lie re.t^e in the amoniit of alhnmi- 
nnri ! in p iti'nits vjm h.el alhnrninnri i 
b'-fure 1i 1' itr.e in lie r.ipv vv.e. vtarted, 
v .is no'Ki-d in -7 of th*' 26 pitjefiO. 

M ft '.'TKe. ('do'/I tires liitrii- 
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gen determinations were performed in 
12 patients before and after bacitracin 
therapy (Table 5). Altliough die blood 
urea niti-ogen levels increased in 7 
instances and decreased in 5 instances, 
only in 4 instances were the increases 
significant. In S patients determinations 
of the phenolsulfonphthalein excretion 
before and after systemic bacitracin 
failed to show evidence of kidney dam- 
age in 2 of tlie patients, but did show 
some evidence of renal damage in die 
third patient. In diis case the blood 
urea nitrogen rose from 13 to 31 and 
the 2 hour phenolsulfonphthalein excre- 
tion fell from 68 to 40% after die admin- 


diose changes in renal function ob- 
served following mercury bichloride, 
carbon tetrachloride and sulfanilamide 
poisoning. Five patients who received 

23.000 units of bacitracin intravenous]) 

TABLE 6. AVERAGE DIMINUTIOiV 01- 
RENAL FUNCTIONS AFTER THE SYS- 
TEMIC ADMINISTRATION OF 198,000 TO 

200.000 UNITS OF BACITRACIN DAILY 
FOR 4 TO 13 DAYS IN 5 PATIENTS 


% 


Glomerular filtration rate 

45.8 

Renal plasma flow 

49.4 

Ma.vimal tubular excretion 

61.4 

Maximal tubular reabsorption 


of phosphate 

36.2 


TABLE 5. BLOOD UREA NITROGEN BEFORE AND AFTER SYSTEMIC 
BACITRACIN THERAPY IN 12 PATIENTS 


No. of 

Days of 

Total Units of 

BUN Before 

BUN After 

Case 

Treatment 

Bacitracin 

Treatment 

Treatment 




mg.% 

mg.% 

1 

15 

3,240,000 

15 

14 

2 

24 

2,640,000 

8 

10.5 

3 

13 

2,600,000 

17 

21 

4 

10 

1.960.000 

8 

14 

5 

8 

1,760,000 

9 

33 

6 

20 ' 

1,700,000 

8 

7 

7 

7 . 

1,372,000 

10 

9 

8 

18 

1,368,000 

11 

13 

9 

14 

1,232,000 

15 

21 

10 

7 

700,000 

8 

7 

11 

8 

640,000 

13 

31 

12 

1 

200,000 

21 

13 




Average 12.1 

15.95 


istratzon of 80,000 units of bacitracin 
daily systemically for 6 days. 

In 10 patients renal function tests 
were performed before and after baci- 
tracin therapy. The 5 patients who 
received 196,000 to 200,000 units of 
bacitracin daily for from 4 to 13 days 
showed slight to very severe diminution 
in glomerular filtration rate, renal 
plasma flow, and maximal tubular 
excretion of para-aminohippuric acid 
(Table 6). The changes in renal func- 
tion were similar to diose observed in 
shock due to severe muscle trauma and 
severe hemorrhage; and similar to 


for 1 hour, failed to show significant 
changes in die renal functions deter- 
mined. Details of the renal function 
studies are being reported in a separate 
publication®. 

LnmR Function and Blood Cyto- 
logy. Liver function studies were deter- 
mined before and after die administra- 
tion of systemic bacitracin to 4 patients. 
The patients received 50,000 units of 
bacitracin intramuscularly ever)’^ 6 
hours for from 4 to 10 davs. No evi- 
dence of hepatic damage following the 
administration of bacitracin was found 
as judged by the van den Bergh reaction. 
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bromsulfalein retention, free and total 
blood cholesterol, cephalin Hocculation. 
thj-mol turbidity or colloidal gold reac- 
tion. The only variation from normal 
noted was tlie change in the cephalin 
flocculation from zero to plus 2 in 1 
patient. The average results of these 
obscivations before and after bacitracin 
are given in Table 7. Ten patients who 
receised 50,000 units of bacitracin 
intramuscularly evcr>’ 6 hours for peri- 
ods of time var)'ing from 5 to 19 days 
sliowcd no evidence of blood cytology 
changes after the administration of 
bacitracin as judged by red blood cell 
counts and differential white blood cell 
counts before and after administration 
of bacitracin. 


2. Bacitracin administered sv.stemi- 
callv is readily distributed to pleural 
and ascitic fluids. 

5. Only traces of bacitracin are found 
in the cerebrospinal fluid. 

4. Nine to 30.97 of the administered 
bacitracin was recovered in the urine 
in the initial 24 hour period of therapy. 

3. Clinical endcnces of the toxicity 
of the bacitracin preparations which we 
used for systemic administration were 
frequently obserxed. These included 
local pain and induration, local pete- 
chiae of the skin, e.vtensive skin rash, 
nausea, vomiting, ringing in the ears, 
and a “taste” in the mouth, 

6. Each of the 5 patients, who 
received from 196,000 to 200,000 units 


TABLE 7 . LU'ER FUN'CTIOX TESTS BEFORE AND AITER SY.STENtIC 
BACITRACIN, AVERAGES IN t PATIENTS 


Before 
0.14 mg. per 


100 


cc. 


2.82 

0.0 


V.-m den Bcrgli 
Rrom^iilfnli'in Retention 
Ti minutes 
30 minutes 
( ilirdrsti’rol 

Total mg. pt-r 100 ic. 

Fro- 44,0 mg. per 100 cc. 

Ccpii.ilin flocculttion, lliymnl turbidity, and colloid.il gold 
t' pli.ilin fiocculition change of rcro to 24- in 1 p.iliont. 


Ic'it': 


Aftrr 

0.20 mg. per 

1.2 7 
0.0 V 

138.2 mg. [XT 
.3S..3 mg. per 
ncg.itivc cTccpt 


100 


cc. 


100 (c. 
100 cc, 
for 11 


ft is evident that the bacitracin in 
the form sujiplied to us and in the 
dosages used is toxic in man. It is 
reali/ed that the dosage of 2 (X ),000 
units per day is larger than most inves- 
tigators have useti. The incidence of 
clinie.d evidences of toxic reactions 
inav be liigh heeau^e of the large tot.d 
d.iilv dov.ige used in most of these 
p.itients, howexer the s.utte tyjws of 
toxic re.ictifuis were obs'Txed on a 
tot.d d,\ily dose as sm.d! as 80 ,fyK} units. 

(.'onclnsions. 1 . naettr.iein bloorl 
'enun t oncentr.itiojis after a singb’ 
intr.iiiuisr u! ir injei tion of .lO.fKiO iijiits 
uOraiieetularK ii-.u.dly re.K le-s a maxi- 
apprnxim.itelv 2 hours .after fh“ 
,T':d I’.ere is .on apjirei i dd- 
b!o. i-i Inritr.-.i’in t oncentr.it ion in tie- 
•••nij.n 6 hours after the iniection. 


of h.acitracin daily intraimiscularly for 
periods of time varying from 4 to 13 
tlaws, .showed moderate to .sex-ere 
diminution in gloinendar filtration rate, 
renal plasma lloxx-, maximal tiilndar 
excretion of para-aminohippnrie add. 
and maximal tuhnlar re.ahsorption of 
phosjihate. 

7 . .No exideiire of liver d.unage was 
indicated hv the fixer fnnrtion studies 
enijiloved in 4 p.itiefifs xvho receixed 
^IKIIKlh) niiits of b.'icifraein intramns. 
euhirlv d.uly for periods x-.irying from 
t to 10 il.ivs, 

S. No sigtiine.ui! elnnges •,xcre noted 
in the rer] filfKi'! ref! counts nr fie' tlif- 
ferenti.il XX hitefell C'O'mts in Klpafienfs 
xvho ref fixed large arn'iuigs of itdr.o 
fnu'f iihir bif itr.'.ein oxer periofis of .3 
tft days. 



^3 


ELLIS; ToXIciti 


k »■ S-. M„.„„ 3 , ^ '®'^BENCEs 

'' s*! '*’ ”"'' *• 1 - a/.. 

Scudi r -v ’ E an^ Soc ■■ •^‘ invest Dp 

Soc. E.^ g and Med. ft^' o , 

^ and Med., eg fc?’ 

’ 55 S, 1947 


PROGRESS 

OF 

iAIEDICAL SCIENCE 

DERMATOLOGY AND SYPlllLOLOGV 

Tin: ciiAiifn; or 

John fl. Stoki:s, M.D. 

riiornssoi! or DKn.M.vroi.or.y and svrnn.oi.oGV. onADfATK sciiooi, or medicine 

I'NIVKItsm' or rENNSVIA'ANIA 

IIeiiman Reehman, M.D. 

rnoiT^sou or DEnMAToi.or.v and .svrun.oi.ocY. ciiADi'ATE .icnooi. or medici.ne 

rNlVEUSITT or I’ENNSYEVANIA 

AND 

Nouman R. Incu.aham, jn.. M.D. 

ASSISTANT rnoriissoit or dermatoeocy and sYpniEOLor.Y 
CIIADI’ATE SCHOOL Or MEDICINE. CNIVEIISITY OE PENNSYLVANIA 
rillLADELritlA. PENNSYLVANIA 
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The literature on drug cniptions is 
SO e.\tensive that in this summarA- we 
shall aim to touch die high lights of 
our present knowledge and supply 
detail in those aspects of the problem 
which are either new and of prac- 
tical value or in which we have been 
personally interested during the past 
two decades. 

From the almost countless sources 
of informadon on drug eniptions. cer- 
tain accessible studies are worthy of 
note. Among them are the monograph 
by Prince Morrow^-®. J. Jadassohn’s 
earl)' reports®®, R. L. Mayer’s”® con- 
tribution to the Jadassohn Hand- 
buch, the various papers by .A.bramo- 
Fox®®, Wise®®’®. 'Wise and 
Abramo\ritz®°®, Wise and Sulzberg- 
gj.:o3a.b^ Sulzberger’s “Dermatologic 
Allergy”’"", Sulzberger and Baer’"®, 
Longcope’®’, Brunsting®®, Burgess®’, 
( 446 ) 


Kierland and Brunsting'®, Wilson®®®’’, 
Urbach and Gottlieb*''’, and Sher- 
man’®"’’®\ 

By dnig eruption is meant a cutane- 
ous or oral mucosal process incident 
to the administration of drugs, or their 
split products, which come in contact 
with the affected part by wav of the 
general circulation. Tliese eruptions 
may result from medicaments admin- 
istered b\' ingestion, injecdon, inhala- 
don or inunedon. Absorption may 
occur from the skin, urinaiy' bladder, 
conjuncdia, deep open wounds, A'a- 
ginal. anal, oral and nasal mucosae, 
the pulmonar)' system, mother’s milk 
and transplacentally. In this concept 
local applicadon of medicaments pro- 
ducing eczematous contact erupdons 
are excluded. A number of factors are 
usually recognized as predisposing to 
these eruptions. Among them are 
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menses, menopause, pregnancy, otlier 
allergic processes, infections, func- 
tional states, organic disease, espe- 
cially liver and cardiorenal, pigmenta- 
tion or depigmentation (vitiligo), 
physical factors, sunlight, heat, cold, 
weather^^^, blood groups, vitamins, 
nutritional states, and personal status 
of die patient. For example, in our dis- 
cussion of arsenical reactions^'^-®-^ we 
noted die following significant factors 
in the background of the eruptions (as 
well as other reactions) produced by 
this group of drugs; age, sex, race, 
number of treatments, dosage, type of 
syphilis, diet, nutritional state, vita- 
mins, nervous reactions, seasons, preg- 
nancy, toxemia of pregnancy, inter- 
current infection, and technical ele- 
ments. In the ensuing discussion only 
some of the above factors in the pre- 
disposing background of certain drug 
eruptions will be discussed. 

Drug eruptions are not rare. 'Wliile 
any of die thousands of drugs and 
chemicals used as medicines may be 
responsible for drug eruptions, such 
eruptions are less frequent dian eiiip- 
tions known to be produced by 
foods^®®. Among 100,000 consecutive 
general admissions to die University 
of Kansas Hospital, Sutton^®®® found 
diat the ratio of drug eruptions to all 
illnesses was 1 to 2000 (0.05%). Of 
4000 patients with various dermatoses 
observed in private practice, the inci- 
dence was 1 to 310 (0.32%). Abramo- 
witz^*= found die percentage among 
56,634 admissions at the skin and can- 
cer units of die New York Post-Gradu- 
ate Hospital during the 5 years 1934- 
1938 to be 0.15% (1 of 65 patients with 
other dermatoses). Wise^®^® has sum- 
marized the incidence question as fol- 
lows: 

"Important as drug eruptions are, in their 
relation to every phase or medical practice, 
their incidence, when compared Mitli the 
incidence of skin diseases in general, is low; 
moreover, most of tliem are mild and of short 


duration. Wliile many disappear more or less 
promptly when tlie offending drug is stopped, 
a small proportion are of long duration and 
may coe.vist witli serious impairment of health 
and curtailment of productive activities; in a 
still smaller proportion of patients, the prog- 
nosis may be quite grave and the disease 
may be fatal. 

“When one reflects on tlie enormous quan- 
tities of hypnotic, sedative, analgesic, 
catliartic and other medicaments including 
vitamins, hormones, antibiotics, etc., con- 
sumed by tlie public day in and day out. 
without causing untoward manifestations 
except in isolated instances, it becomes evi- 
dent that hypersensitivity is of relatively rare 
occurrence. In this connection, it is of interest 
to note that some textbooks state that erup- 
tions from aspirin are ‘common.’ This led the 
autlior to ask several dermatologists of many 
years experience how many aspirin eruptions 
they had encountered; one said ‘between 35 
and 50,' tlie other said ‘only one.’ One of the 
older general practitioners in New York 
could recall only one instance, which hap- 
pened to be fatal and was recorded in the 
literature; in my experience of 40 years, I 
have seen only 4 patients witli aspirin erup- 
tions. Such a disparity is hard to explain. 

‘‘On the other hand, a large number and 
\-ariety of drugs are significantly prone to 
induce eruptions showing great variations 
with respect to clinical symptoms, course, 
complications, response to dierapy, prognosis 
and so forth. Tliis group comprises for the 
most part, the iodides and bromides, tlie anti- 
treponemal arsenicals and bismuth, tlie vari- 
ous preparations of gold, tlie sulfonamides 
and penicillins and atatrine ( quinacrine 
hydrochloride). Some drugs, of which 
nirvanol, used in the treatment of chorea, is 
said to be an outstanding e.xample, provoke 
eruptions in all recipients. Under circum- 
stances in which one or another of this group 
of drugs is used by mass-administration, such 
as obtains in large hospital wards and clinics 
devoted to die treatment of venereal diseases, 
the incidence of drug eruptions is naturally 
disproportionately high, when compared watli 
their incidence in polyclinics and in private 
practice. This is true, also, with respect to 
gold compounds used in ardiritis and in lupus 
erydiematosus; perhaps the most significant 
occurrence, in diis connection, is the inci- 
dence of eruptions resulting from die mass- 
administration of atabrine to the armed forces 
in die Pacific and parts of die Mediterranean 
areas, for die prevention and treatment of 
malaria. But even widi respect to atabrine 
reactions in general, Agress found an inci- 
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6. Lichenoid and lichen planus-like erup- 
tions— arsenic, arsphenamines, atabrine 
and other acridine and acriflavine deriv- 
atives, gold, amphetamine sulfate (atopic 
dermatitis-like eruptions?). 

7. Pemphigoid and ulcerating and vege- 
tating eruptions— bromides, iodides, sul- 
fonamides. 

8. Purpuric eruptions— iodides, arspliena- 
mines, particularly sulfarsphenamine, 
carbamides ( sedormid ) , barbiturates, 
balsams, sulfonamides, etc. 

9. Scaly eruptions, purely erythematous or 
scarlatiniform and morbilliform; derm- 
atitis e.\foliativa— arsenicals, atabrine, 
belladonna, balsams, heavy metals, 
nirvanol, salicylates, sulfonamides. 

10. Urticaria and angioneurotic edema- 
salicylates, barbiturates, sulfonamides, 
penicillin, balladonna, atropine, iodides, 
bromides, tlie opium group, arsenicals, 
penicillin, phenolphthalein, amphetamine 
sulfate. 

DERMATOLOGIC CONDITIONS WHICH 

MAY SHOW PARTICULAR SUSCEPTI- 
BILITi^ TO REACTIONS TO 
PARTICULAR DRUGS* 

1. Acne and acneform eruptions and 
furuncles are more susceptible*® to 
iodides, bromides, androgens, other 
steroid hormones ( and certain foods— 
chocolate, shellfish, and so on). 

2. Atopic conditions are more susceptible to 
salicylates. 

3. Dermatitis herpetiformis is more sus- 
ceptible to iodides, bromides, tliyroid 
products ( and certain foods including 
shellfish, sea fish, chocolate, nuts). 

4. H)q)ertrichosis is more susceptible to 
androgenic substances. 

5. Moniliasis and moniliids are more sus- 
ceptible to iodides and bromides. 

6. Purpuric and hemorrhagic conditions are 
more susceptible to barbiturates, arsen- 
icals, gold salts, sulfonamides and 
salicylates. 

7. Recurrent herpes simple.v is more sus- 
ceptible to iodides, bromides, salicylates 
(and certain foods— chocolate, shellfish, 
caviar, nuts). 

8. Seborrheic conditions, intertrigo, infected 
and impetiginized eczematoid eruptions 
are more susceptible to antisyphilitic 
arsenicals, gold salts, penicillin and sul- 
fonamides. 

* Sulzberger and Baer^"®. 

** More susceptible than a group of persons 

without these dermatologic changes or a his- 

lor)' of these changes. 


9. Urticarial eruptions are more susceptible 
to salicylates, iodides, bromides and a 
great variety of other drugs and of foods. 

Specificity of Drug Reactions Cu- 
taneous or Otlier. AMiough mention of 
specificity of drug reactions is made 
throughout this review, it might be 
emphasized here tliat the results of 
studies on the specificity of drug aller- 
gies are so variable that no generaliza- 
tions are possible. Sherman^’’'^ in his 
excellent review has presented the 
pertinent data on this matter as fol- 
lows; 

“This is best illustrated by sulfonamide 
sensitizations which have been most com- 
pletely studied. Some patients sensitive to one 
sulfonamide drug have failed to react to any 
odrer members of the group. Odier patients 
have reacted similarly to sulfadiazine, sul- 
fathiazole and sulfap)Tidine but not to sul- 
fanilamide. Still odiers have shown sensitivity 
to all drugs of the group. In some instances 
the sensitization was apparently to die para- 
aminophenyl radical and reactions were also 
obtained with sulfanilic acid, para-amino- 
benzoic acid and procaine. Park reported that 
60 per cent of sulfonamide skin sensitizations 
were stricdy specific for one drug while 
Sulzberger found only 10 per cent who failed 
to show cross reactions. Dowling, Hirsch and 
Lepper found diat 69 per cent of sulfonamide 
sensitization reactions recurred if the same 
drug was used again but onl\’ 17 per cent 
if another drug of the group was substituted. 

“In sensitizations to other types of drugs, 
instances of bodi strict specificity' and group 
reactions have been reported. Cooke found 
that three aspirin-sensitive patients did not 
react to salicy'lic acid, benzoic acid, anti- 
pyrine, sodium acetate or methyl salicylate. 
Horsfall’s patient, e.squiaitely sensitive to 
formaldehy'de, did not react to other alde- 
hy'des, formic acid or methyl alcohol. Love- 
man reported a patient sensitive to alurate 
(allyl isopropy'l barbituric acid) who did 
not react to barbituric acid or any' of its 
other derivatives or to sedormid (allyl 
isopropy'lacety'l carbamide). On the other 
hand, Goodman described a case of a patient 
with procaine allergy who reacted to all the 
local anesthetics of the procaine group but 
not to those of the cocaine, quinoline or 
pyTidine groups. Dawson and Gcrbade 
reported a patient sensitive to quinine who 
reacted to se\'en related lernrotatorv com- 
pounds but not to quinidine, the de.vtroisomer 
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of (juinine, or to nny of the concspontling 
cIcNlrorotatory eonipountls. Patients scnsilu’c 
to iirsplicnaminc iisnally react to all the 
rchitccl compounds containing trivaicnt arse- 
nic i)ut not to trA’parsamidc in wliich arsenic 
is penlavalcnt. Ilowcver, there arc several 
reports of arsphenamine sensitixalion in which 
the reactions to trial doses of Iryparsamide 
have been the same as those to compounds 
of trivalent arsenic. In a given case of drug 
allergy only canlimis trial will reveal whether 
other related drugs are tolerated.” 

Patl)ogene.si.s of Drug Eniptions, 
Eruptions and, or, other evidences of 
so-called idiosyncra.sy to drugs have 
been an interest of physicians for many 
years, certainly as far back as the ISlh 
centur}'’'’''”. In spite of this long con- 
cern and the present attention to this 
problem, the mechanism of dnig cnip- 
t'on production is still ob.scurc. In the 
past certain theories have been ad- 
vanced to c.vjilain these eniptions. 
Among these are; “Saturation of the 
system” due to faulty elimination, par- 
ticularly by the kidneys: “elective afiin- 
ih'" of certain drugs for anatomical 
elements, “irritation” of the .skin due 
to the circulating drug, “modification 
of the sweat”, chemical change of the 
drugs in the blood stream to products 
which led to certain eniptions, nerve 
origin; an endocrine stimulation with 
influences on the central and periph- 
eral nervous system. The basis for 
our present understanding of tlie path- 
ogenesis of drug eruptions was sug- 
gested only about 50 years ago when 
J. Jadassohn published his studies on 
idios)mcrasy as noted in drug enip- 
tions. At present most wTiters^^-'**-'’*'’”’- 
inT.ios, 174,177, is7,20in.203a.i) bclicye that 

allerg)' is at the basis of most of these 
lesions. Odier mechanisms for a smaller 
number of them are: cumulatiye effect 
(argyria); toxic effect (through liyer?); 
non-allergic h)'persusceptibility and 
biotropism (synergism). Sulzbergeri'^'^ 
has listed the followang reasons for 
belieying that drug eniptions are in 
general due to allergy. 


1. Eniplioti': m.ny bo produced by minulc 
amounts of (fnigs, sometimes long after 
the last medication— thus ruling out 
pliarmacologic action and cumulative 
effect. 

2. In most persons, regardless of large 
dosage, eruptions do not occur. 

.3. Eruptions usually recur from the same or 
related dnig. 

-1. The clinic.il picture of a dnig eruption 
is different from that due to pbarmaco- 
logic action. 

. 0 . identical eniptions may be produced by 
unrelated dnigs. 

0. One dnig may produce different mani- 
festations in different persons. 

7. Some dnigs may produce different man- 
ifestations' in one person at different 
times. 

8. Specificity of dnig .sensitirity can usually 
be demonstrated. 

9. Some tlnigs, evpcrimentalh-, scnsitiVc 
skins of both luimans and animals. 

10. Mam/ manifestations that arc produced 
htj nllcrgi/ to living microorganisms or to 
natural allergens can he reproduced hij 
dnigs: 

(a) Dnigs, like other allergens, may 
cvbibit inciibaU'on periods, spontaneous flare- 
ups and subsequent altered re.sponsc to re-c\- 
postire. 

(l>) Can be ranged as to relative sensitizing 
capacity, viz.: non-pntliogcnic (cascara sa- 
gr.ada. yeasts, certain treponemes): facultative 

р. athoecns ( pbenolpbtb.alein, monilia); oblig- 
atory ' pathogens (nirs-anol, spirochaeta pal- 
lida," measles organism). 

(c) Tend to produce characteristic pic- 
tures, e.g.t tubercle bacillus (tubercle); 
treponema p.illidum (chancre); phenolpblha- 
lein (fixed eruption); arsphenamine (e.xfolia- 
th-e dermatitis). 

(d) Elicit variations in host susceptibili^’, 

с. g.: mouse (immune to s}'phi!is); rabbits 
(immune to arsphenamine); all laboratorx’ 
animals (immune to both gonorrhea and 
halogens). 

(c) Produce changes xxdiich may persist 
for long periods. 

(f) Exhibit spontaneous fluctuations. 

(g) Are dependent upon enrironmental 
.and dietar)’ influences. 

(b) Tend to select certain issues and sites. 

On the other hand, Dragstedt^® be- 
lieves there is substantial reason to 
conclude that a variet)' of drug idio- 
sx'ncrasies mav depend on varions non- 
allergic factors, and it seems probable 
that some drugs may produce both 
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allergic and non-allergic types of toxic 
reactions at the same time. There is 
merit in attempting to distinguish be- 
tween reactions, and to that end he 
suggests the following provisional 
criteria: 

An allergic basis seems to be indicated, 1. 
When the pattern of the toxic reaction is 
consistent with tliat of the allergic disorders 
produced by antigenic agents. This means 
tiiat reactions clraracterized by urticaria, 
aerniatitis, angioneurotic edema and astlima 
are probably allergic in character; that reac- 
tions characterized by jaundice, acute yellow 
atrophy of the liver and optic atrophy are 
probably not allergic, while granulocytopenia, 
anemia, thrombocytopenia and polyneuritis 
may well be one or the other. 2. When a 
pruning or sensitizing administration of the 
drug appears to be a factor in the history, 
while a non-allergic basis seems to be indi- 
cated when either long-continued adminis- 
tration or the use of substantial doses appears 
of major importance. 3. When tlie untoward 
reactions are alleviated by epinephrine, 
diphenhydramine hydrochloride ( “benadryl 
hydrochloride” N.N.R.) and similar agents, 
whose ameliorating effects are most reason- 
ably integrated on the basis of an anti- 
allergic effect. A non-allergic basis seems to 
be indicated for tliose reactions which are 
alleviated by ascorbic acid, folic acid, 
thiamine and otlier agents whose ameliorating 
effect is not reasonably credited to an anti- 
allergic effect. 

Immunology of Drug Eruptions. The 
immunologic mechanisms of drug erup- 
tions, and drug allergy in general, has 
received considerable attention. On die 
whole, while there are data to support 
various viewpoints and beliefs regard- 
ing the mechanisms involved, final 
demonstration of the exact modus 
operandi of drug sensitivity is far from 
certain. For example, although Long- 
cope’®'^ has apparently demonstrated 
the probable mechanism involved in 
serum sickness, a corresponding mech- 
anism has not been demonstrated for 
the urticarial reactions to penicillin 
which are clinically identical wnth 
serum reactions. The development of 
antibodies and positive intracutaneous 
and other types of tests in these cases 


have been reported by some investi- 
gators and their existence denied by 
others”". At the Roosevelt Hospital 
Allergy Clinic in New York, Sherman’®'’ 
reports that neidier die skin test nor 
passive transfer is a reliable index of 
penicillin sensitivity since small urti- 
carial reactions to skin tests widi 
penicillin may occur in non-sensitive 
individuals and the tests are often com- 
pletely negative during or shortly after 
an urticarial reaction. Skin sensitizing 
antibodies were present in the serum 
of less dian 10% of clinically sensitive 
patients and then in such low titres as 
to be of questionable significance. The 
antigen cannot be demonstrated in the 
circulating blood if die reaction occurs 
more than 24 hours after die last dose 
of penicillin even though there may 
be amounts of the drug adequate for 
antigenic activity still in die body dur- 
ing the reaction. 

Although antibodies have been dem- 
onstrated to a few drugs ( crj'stalloid 
non-protein substances), most of the 
persons with eruptions due to diese 
products do not usually develop posi- 
tive reactions to skin tests (intracu- 
taiieous) nor are antibodies demon- 
strable in the circulating blood. The 
usual methods of demonsti'ating anti- 
bodies do not seem to be of value in 
die case of drugs. Landsteiners®®®-*’ 
haptene theory has been invoked to 
explain this anomaly. He and others®®-®® 
suggest that slight local injury, suffi- 
cient to liberate tissue protein, may be 
caused by the drug. This protein 
assumes the character of an auxiliary 
antigen and can thus conjugate ivith 
die haptene “drug” forming a complete 
antigen. These protein drug conjugates 
have been demonstrated for certain 
drugs’®®". However, when some of the 
protein conjugates”-’®® are used in 
ex-perimental animals, the reaction is 
of die anaphylactoid type and does not 
resemble the effects of uncombined 
drugs in man. Sherman’®’ and others 
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could not reproduce the liigli propor- 
tion of signiiicanl results obtained by 
Leftwich"'', who used sera of patieius 
receiving adequate doses of the sul- 
fonamides (wliich presumably con- 
tained sulfonamide bound to protein) 
as antigens for intraculaneous tests of 
sensitivity to corresponding drugs. A 
control test consisted of sacrum from 
the same patients when not receiving 
the drug. 

Karsner and Ilair/lik’’" thought that 
reactions to drugs were anaphylactoid 
changes induced by capillary throm- 
bosis, agglutination emboli or capillary 
to.xicit)'. 

Tlie relationship of drug allergy and 
infection in drug eruptions, especially 
after organic arsenical indication has 
been the special interest of Stokes and 
his co-workers'"-'''*' for about 30 
years. They conclude; 

"1. Tlic literature of the .tui)jeet of 
arsphcn.aruin clcmiatitis cvitleuees a growing 
appreciation of the role of infeeti(m<!. local, 
focal and general, in the coinplcv cans.ii 
background of this condition. 

2. A part of the influence of infection is 
probably exerted through the allergic mecha- 
nism of arsphenamin sensitization, and involves 
the conception of midtiple balanced and sum- 
mation effects, as suggested b\' Vauglian in 
general, by llarkasy and Ilebald for infec- 
tious asthma and arthritis, and by the obser- 
vations of Moore, Woo and Robinson on 
the rcactis’itv of atopies to arsphenamin 
intradermally. 

3. When the infection involves the skin, 
and also in antecedent or induced dermatitis 
from other causes, the loc.nl dermatitic focus 
acts as the excitant to a general flare-up fol- 
lowing arsenical medication, through the 
vasodilation mechanism suggested by Auer, 
b)’ Schlossberger and bv Amalric. 

4. Dennatophytic infections may appar- 
ently act as participants in a “balanced” or a 
"summation" allergic complex involving an 
arsenical extending the range and increasing 
the severity of the allergic dermatitic response 
to the drug (Block, trichophytin). 

5. A dermatophyde focus may also con- 
ceivably serve, through the induction of local 
vasodilation, as the starting-point of an 
“arsenical” dermatitis. 

6. Minute amounts of arsphenamin in 


arsplicnamin-scnsitive persons may flare up 
aiKi tend to generalize a local, apparently 
mycotic dermatitis. 

7. 'rile inter.iction of a drug and infection 
.dlerg)’ is, perhaps, reversible, and may in 
some c.tses take the course of hlilian’s "activa- 
tion" of the infection focus, with an exantliem 
ol the toxic erythema type and a flare-up 
of the local focus in the c;ise of bacterial 
infections', or an c.x'accrb.ition of the local- 
ized dcrmatomycotic process and a "mycotid" 
in the case of a fungus infection. 

8. Clinical cases illustrative of these pos- 
sibilities and of the interplay of multiple 
allergic susceptibilities and infection in the 
b.ickground of dermatitis (including the 
•irsenical type) arc presented. The last case 
rlescribcd apparently combines cx'plosive 
dermatitic rc.sponsc to an arsenical, to 
bis'inuth, to goose feathers, to a mycotic 
infection and to bacterial protein (Coley’s 
serum) in observations extending ox'er four 
\ ears. 

f). In dealing with arsphenamin dermatitis 
with focal infcctis-e lesions, mycotic or bac- 
terial, treatment should be directed, albeit 
with caution, at the focal as well as the gen- 
eral procc.ss.” 

Diagnosis of Drug Eruptions. The 
diagnosis of dnig enipHons frequently 
poses a challenge. The clinician often 
has an intuitix'e feeling that an erup- 
tion of local or widespread distribution 
is caused by a drag, tliough positive 
history' of dm^ ingestion often may be 
lacking. The following clinical data 
and procedures have been employed 
with varying degrees of benefit in the 
definitive diagnosis of eruptions due 
to medicaments: 1, Suggestive clinical 
picture (outlined above); 2, Histonj. 
The information tliat a patient is taking 
certain drugs may be of decided x'alue 
in diagnosis if the following items are 
obserx'ed: initial exposure follow'ed by 
a variable incubation period and dien 
a sudden outbreak, increasing in 
severity and with a variety of consti- 
tutional symptoms, especially if tire 
drug is continued, all point to tlie 
possibility' of tlie eruption being of 
medicinal causation. But w'e must not 
forget that tlie ingestion or adminis- 
tration of the medicament and the 
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eruption may be coincidental; 3, 
Course. Improvement on withdrawal 
of die drug and flare-up after re- 
exposure. Readministration may be a 
hazardous procedure, even ending 
fatally. On tlie other hand, certain 
eruptions (e.g., bromide, iodide) may 
develop slowly and disappear long 
after the drug has been withdrawn. 
Similarly, the eruption may not appear 
until years later (arsenical keratoses 
and carcinoma). There may be poly- 
valent sensitivity and tlie eruption may 
be due to tlie drug readministered; 
4, Diagnostic aids, a. Cutaneous aller- 
gic tests are of little value. They may 
even be dangerous and induce sensiti- 
zation ( e.g., arsenical intradezmal 
tests^^‘‘, patch tests^®"’^^'’^’'^), or severe 
reactions'^^’^®^, Furtiiermore the results 
may be falsely positive or negative. 
Passive transfer procedures are also 
unreliable; b, Chemical analysis of 
lesions, otlier tissues and body fluids 
may yield positive results, thus identi- 
fying the presence of a particular 
remedial agent, but the findings may 
be coincidental. Spectroscopic studies 
have the same limitations; c, Histo- 
pathology. This is certainly of value in 
the case of brorhoderma and iododerma 
which produce a rather typical patlio- 
logic response (iodide or bromide 
granuloma). In other cases there may 
be no clue in the pathologic picture 
of drug versus other causation of the 
eruption (e.g., lichen planus due to 
atabrine or arsenicals and lichen planus 
of iodiopathic causation). Recently 
Riclii52a,b ^nd otlier pathologists”®'^®-'^^® 
have maintained that certain histo- 
pathologic changes occurring in experi- 
mental protein sensitization are char- 
acteristic of the allergic reaction, and 
have made the diagnosis of drug 
allergy on pathologic grounds in the 
absence of immunologic evidence. 
These changes consist of widespread 
foci of parenchymatous and collage- 
nous degeneration with monocytic in- 


filtration and arterial lesions resembling 
those of periarteritis nodosa and rheu- 
matic fever. Similar lesions have been 
found in patients dying during or after 
sulfonamide therapy and occasionally 
other types of tlierapeutic agents, widi- 
out receiving any foreign protein 
injections. Suggestive as tlie findings 
are, their use as conclusive proof of 
drug allergy in the absence of corro- 
borative clinical and immunologic evi- 
dence has been challenged®-’^^-; 5, 
Blood. Blood cell examinations are 
important, since blood dyscrasias often 
complicate a variety of drug eruptions. 

We shall now detail certain aspects 
of the eruptions produced by a limited 
variety of medicaments. First among 
these is the characteristic eruption 
usually called “fixed”. 

Fixed Drug Eruptions. In 1894 
Louis Brocq introduced the term fixed 
to indicate an eruption in which the 
cutaneous manifestations appeared as 
round or oval apparently edematous 
plaques from tlie size of a coin to that 
of a palm, recurring on various parts 
of the body and accompanied by an 
itching or burning sensation. The 
patches were dusty red at their onset 
and showed definite borders. At times 
these lesions progressed to form bullae. 
Desquamation or crusting (after the 
bullous lesions) appeared as the emp- 
tion faded, leaving a pigmentation of 
variable shade and duration in tlie 
areas aflFected. A special feature of the 
eruption was its tendency to relapse 
and recurrence of the lesions in the 
same sites. 

The first drug from which such a 
process was noted was antip}'rine. Soon 
after introduction of this drug in 1885 
one type of eruption observed after its 
use was peculiar in tliat it recurred 
at the pre\4ously afFected areas of the 
skin whenever antip)Tme was again 
ingested. Tliere were but few presenta- 
tions on diis subject until 1918, when 
Abramo\\atz^“, who has done more than 
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any author to publicize and define the 
concept of fixed eruption, reported on 
5 cases of eiy’thema multiformc asso- 
ciated with cutaneous pigmentation. At 
about the same time Howard Fox'^" 
described an eruption which he took 
to be eiy’thema perstans following in- 
gestion of phenolphthalcin. In 1922 
Wise and Abramowitz""- were able to 
determine that the changes in Abramo- 
witz’ original patients, as well as others 
subsequently observed, were in reality 
examples of phenolphthalcin eruption. 
Since then a flood of papers on fixed 
cniptions has appeared. Among recent 
publications are those of Newman' ", 
Wise and Sulzberger"'"'’'', Abramo- 
witz'" '', Knowles, Decker and Kandle'’"', 
Abramowitz and Noun", Bclote and 
Whitney (list of phcnolphthalein-con- 
taining preparations)'", Abramowitz 
and Rus.so", Pillsbury (sensitivity to 
tr)q7arsamide at sites of pigmentation 
from silver arsphenamine Chargin 
and Leifer (arsenicafs Arnold, Jr."'’, 
Dostrovski and Sagher (sulfona- 
mides)^', Freeman (sulfonamides)"", 
Goldschlag (quiniline)"®, and Good- 
man and Arthur'’^ Much of tlie ma- 
terial in tliis discussion is from t])e 
works of Abramowitz and his col- 
leagues. 

In reference to drug eniptions, the 
term fixed does not indicate that such 
lesions are permanent or lasting since 
the eruption is not expected to reap- 
pear if the cause is eliminated. There 
are usually no permanent sequelae 
except from secondary or unrelated 
causes. The term fixed has been estab- 
lished by usage for such eruptions, 
even though they in.ay never recur, 
because the reaction site is fixed and 
the eruption is observed to appear in 
the previously affected area or areas 
should a recurrence develop. Histo- 
logically tliese lesions present the fea- 
tures of banal dermatoses of the urti- 
carial erythematous or eczematous 
varieties. In cases with pigmentation 


there are varying numbers of cells 
containing melanin in the subpapillaiy 
layer. 

Many drugs arc now known to be 
responsible ior fixed eruptions. The 
following have been reported as hav- 
ing produced such lesions: 


ActtAn^^(I 
Acct>]<atic>lic acid 
Acrina\mr 
Aminopnmc 
Antimony ami potat^mm 
tartrali* 

Anlip> rint* 

Arttnicnli (ncct>larsan, 
ar<ph< natmn«, niaphar- 
un, tri<o<lar%cn, 
tr> paMnmtde) 
HarhUnrntt x 

Cincboplitn 
I'ini tuip 


Kiical)’pt«5» Oil of 
Iodides 

Ipecac (emetme) 

Ipomcn 

Uacen 

MnCTCsmm hydroxide 
(inacnrsia) 

MrrciiO 

riienolplithaltin 

Oinnldinc 

Oiunme 

Salic>!atc5 

Sulfanilamide and its 
dcn'ali> es 


Although most of the drags responsi- 
ble are of the sjmthetic organic type, 
there is no relationship between them 
chemically which could account for 
their abilit}’ to produce such similar 
eruptions. Furthermore, there are re- 
ports that fixed eruptions have oc- 
curred in patients as a result of vac- 
cines, liquors (alcoholic""'’’'’), Karaya 
gum-", lentils'"", and tomatoes'-. Wohl- 
stein-"'* has noted tliem after physical 
exertion and psychic stress, and 
Gougerot"" found tliem resulting from 
certain metabolites. Menstrual disturb- 
ances ha\’e also been responsible for 
sojne cases'". Although a particular 
drug may be responsible for fixed 
eruptions in a grown patient, such 
lesions may occur independently. Thus 
Elirmann®" noted that at times one of 
his patients would develop an eruption 
from antipyrine whereas at otlier times 
it would occur without antip)T:ine 
medication. Wise"®"’ had a patient who 
developed fixed lesions from phenol- 
phthalein which reappeared after use 
of a barbiturate. Chargin's®''’ patient 
with fixed eruption from arsphenamine 
had a flare of the eruption after admin- 
istration of phenolphthalcin. Anotlier 
patient reacted similarly to antipyrine 
and bismuth. In yet another®"’ a fixed 
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eruption produced by arsenicals flared 
up not only after arsenical but from 
use of phenolphthalein as well. 
Abramowitz and Russo® observed a 
patient with fixed lesions on the hands 
\wth a histor)^ tliat phenolphthalein, 
barbital and magnesium hydroxide, a 
good example of polyvalent specific 
sensitivity, manifested clinically as 
fixed eruption. 

The mechanism of the production of 
fixed eruptions is as yet unknown. Cer- 
tain facts bearing on this phase of tlie 
problem are worth mentioning. Ton- 
nel and Raviart^®^, as well as Mibelli^®'*, 
have indicated that antip)'rine may be 
present in bullous type of fixed lesions 
induced by this compound. Local ap- 
plication (by rubbing) at the site pre- 
viously affected Avith antipyrine oint- 
ment has reproduced a recurrence'. 
There is no definite information regard- 
ing the question as to whether other 
drugs may be found in fixed eruptions 
produced by tliem. Abramowitz^^ has 
been unable to find either phenol- 
phthalein or its conjugate in an erup- 
tion from that drug. Sandler^®® stated 
that he had demonstrated phenol- 
phthalein in the normal skin of a 
patient with a phenolphthalein fixed 
eniption by means of the usual scratch 
test technique; but neither he^®® nor 
Abramowitz^^ could subsequently con- 
firm this. On the other hand, Lowen- 
fish^^® believed he had detected, by a 
cataphoretic method, phenolphthalein 
in the skin of a patient Avith phenol- 
phthalein eruption on the hands. He 
obtained negatix^e results on one of 
AbramoAAdtz’ patients. 

On the AA^hole, after surface applica- 
tion, intracutaneous and subcutaneous 
infection, die various drugs responsible 
for fixed eruptions could not be recoA^- 
ered and identified. Bernstein®®, hoAA'- 
eA’^er, obtained positive patch tests AAfith 
the offending drugs in die case of die 
eczematous type of eruption. 

Transfer to normal subjects of sensi- 


tivity to phenolphthalein and other 
drugs producing fixed eruption has 
yielded A'ariable results. Kenedy®" re- 
ported success in transferring phenol- 
phthalein sensitiAfity to 2 normal per- 
sons, but AbramoAvitz^"^ could not 
A^erify this claim by his oaati experi- 
ments using the same technique, 
namely, having the patients take 
phenolphthalein before diey Avere giA^en 
an intracutaneous injection of phenol- 
phthalein before they AA^ere given an 
intracutaneous injection of phenol- 
phthalein-sensitized serum (Walzer 
method). RosenthaP®®*'' did obtain 
positiA^e endermic reactions to phenol- 
phthalein in patients apparently sensi- 
tized to phenolphdialein by the pre- 
vious injection of homologous or het- 
erologous serum containing conjugatid 
phenolphdialein. Jacobs and his co- 
AAwkers"® also AA'ere able to sensitize 
guinea pigs to phthalic-anhydride, one 
of the intermediates used in die prep- 
aration of phenolphdialein. 

An interesting phase of this subject 
is the outcome of auto-transplants 
which indicate that the local hyper- 
sensitiAdty in diese eruptions resides 
either in the epidermal layers or in 
the neurovascular structure of the 
cutis. Wise and Sulzberger®®®^ trans- 
ferred an affected area to a normal 
site and a normal area to the preidously 
affected site. After complete healing, 
phenolphthalein Avas administered by 
mouth. Contrar)'^ to the results of 
Naegeli and his co-AVorkers^®®, as Avell 
as diose of Urbach and his co- 
AAwkers^®®, Wise and Sulzberger®®®** 
found that the normal skin grafted on 
die preAdously affected area reacted in 
a typical manner AAdth the production 
of a phenolphthalein lesion AA^hile the 
preAdously affected skin, noAV grafted 
on a heretofore normal site, remained 
unaffected. They interpreted this to 
indicate that the ‘shock site” of the 
sensitiAdty AA^as dependent on the 
deeper structures (nen'^es and blood 
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cases of this process. Kicrlancl****" ana- 
lyzed his exjrcricncc with 29 cases. 
Atabrine dermatitis and an associated 
aplastic anemia were reported by 
Drake and Moon'". Rosenthal’'''* made 
a study of the histopathology of at)'pi- 
cal lichen planus. His material com- 
prised 21 specimens from all phases 
of the process. Goldberg"’’ described 
the unusual features of this dermatosis. 
Two cases of vesicular eczematoid type 
of drug eruption from atabrine were 
reported by Becker”. Berestoir® ana- 
lyzed obser\’ations on 200 cases of 
lichen and dermatitis. Lutterloh and 
Shallenberger’” collected S cases of 
unusual pigmentation at uncommon 
sites presumabl)' due to atabrine. 
Ochronosis-like pigmentation was ob- 
ser\’ed by Sugar and Waddell'"", A 
case of fatal e.Kfoliativc dcrmab'tis and 
hepatitis was encountered by Agress^; 
Ginsberg and Shallenbergcr''^, as well 
as Kierland and his associates"", noted 
fluorescence of nails of persons taking 
atabrine. Pfaff”", and Nisbet’"'*, de- 
scribed tlie dermatologic aspects of 
dermatitis due to atabrine. Hyper- 
keratosis of tlie palms and soles due to 
this drug was reported by Pa.xton’"®. 
Gases of at>*pical lichenoid or atypical 
lichen planus were renewed by Alden 
and Frank", by Holbrook"®, and by 
Singh’"®, Bazemore et M’ilson-®®", 
and Waddell’®®. In a well documented 
discussion, Benedek’®'* attempted to 
prove that “Atypical Lichen Planus” 
was really a cutaneous manifestation 
of Vitamin A deficiency. In 1949 
Schmitt’®®, one of tlie early students of 
the problem, reported on the present 
status of Quinacrine (atabrine) derma- 
titis. It is of interest that veterans have 
residual lesions and recurrences of 
eczematoid dermatitis which they 
acquired in the tropical areas during, 
or after the recent war. Affected in- 
dividuals are increased risks in any 
occupation requiring exposure to heat, 
friction or chemicals. 


Sulfonamides. While the sulfona- 
mides have been a boon to the suc- 
ce.ssful combatting of infections, the 
medical and lay public learned soon 
after their introduction into the prac- 
tice of medicine that they were two- 
edged swords. These drugs are cap- 
able of interfering with the life and 
activity of bacteria and some viruses 
and at the same time they have poten- 
tial toxic and allergic by-effects on 
nearly every organ of the host. While 
the cutaneous reactions are, of them- 
;elves, relatively less serious than 
those which ini'ob'C the hematopoietic 
system (agranulocytosis, hemolytic 
anemia) and kidneys (obstruction by 
ciystals), the cutaneous manifestations 
serve to remind the practitioner of 
more serious consequences which may 
be on the waj* or are actually present 
in subclinical form. While the exact 
number of fatalities from the sulfon- 
amides is unknoum, 200 such cases 
have been reported’"® .The proportion 
of fatal cases that are solely cutaneous 
is also unknown but in a report of 
fatal sulfonamide exfoliative dermatitis 
by Weinstein and Domm’®" autopsy 
failed to reveal an)* satisfactory cause 
of death. Furthermore, in the report 
on sulfonamide toxicity as a cause of 
death in New York City in 1941”®, 
among 28 probable sulfonamide deaths, 

3 cases of dermatitis in all probability 
died of the cutaneous involvement, 2 
of these had generalized dermatitis 
which followed sulfathiazole tlierapy, 
and the 3rd succeeded upon the admin- 
istration of sulfapyridine. 

The literature on sulfonamide cutan- 
eous reactions has been extensively 
rexnewed. Bloom’s paper®" should be 
read in its entirety by die interested 
reader. Greenwood’® classified the 
cutaneous reactions resulting from sul- 
fonamides into 3 categories: 1, Direct 
toxic effects from overdosage or cumu- 
lative effects. Subsequent administra- 
tion of small doses in such patients 
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after recovery may not lead to recur- 
rence. 2, Purely allergic reactions: in 
such cases an incubation period, usu- 
ally 7 days between the first and sec- 
ond dose, is required for die sensitiza- 
tion to become manifest. 3, Allergo- 
toxic. In some cases it is possible tiiat 
the earliest manifestations of die toxic 
type of eruption was a faint finely 
papular exanthem. On continuation of 
the drug there was spread of die erup- 
tion and it became scarlatiniform, 
morbilliform or maculopapular. No 
lymphadenopathy accompanies it. Al- 
lergic dermatitic symptoms appear 
early in the course of sulfonamide 
administration and usually are char- 
acterized by itching, sneezing, lacliry- 
mation, and dyspnea with edema of 
die lips, eyelids and face. These erup- 
tions may be of various types (see 
below). Allergotoxic eruptions usually 
appear after 7 to 14 days of average 
dosage. 

Light sensitivity after administra- 
tion of sulfonamides was noted early 
in the sulfonamide period. We have 
discussed diis phase briefly in our 
review on Light Sensitivity^'^-'^. This 
phenomenon is not necessarily associ- 
ated with sensitivity to die drug, 
aldiough in some cases diere may be 
limitation of the dermatitis to the areas 
exposed to the sun®'^. According to 
Combes and Canizares^®, however, 
sensitivity to sunrays is not common 
following sulfanilamide administration. 

The constant sunshine of the Middle 
East and the presence of a consider- 
able number of ambulant patients with 
venereal disease undergoing chemo- 
therapy in an open-air hospital, re- 
cently gave R. G. Park and W. M. 
Platts (N.Z.M.C.)^®'^ unusual oppor- 
tunities to obsen^e cases of die light- 
sensitive type of sulfonamide derm- 
atitis. During die 12 mondis from 
October, 1940, to September, 1941, 4S6 
patients received sulfanilamide, of 
whom 21 developed eruptions (4.3%); 


309 received suhapyridine, witii 6 
cases of eruptions (1.9%). Of the 27 
cases, 8 occurred during July, and 6 
during August. As measured by die 
photo-electric cell, the intensity of vis- 
ible light in this part of die Middle 
East in July is about 4 times that in 
January. Photosensitivity occurred 
from the 8th to the 10th day of admin- 
istration. Two patients were found to 
be photosensitive 2 days after chemo- 
dierapy was stopped. It appears diat 
patients given sulfonamides for more 
than 6 days are possible victims of 
sunlight eruptions. The commonest 
lesions are erytiiematous papules in a 
morbilliform or roseoliform pattern, 
becoming confluent. Itching varies 
from severe to slight and is absent in 
some cases. Less common lesions are 
edema, urticaria, vesiculation, pustula- 
tion and desquamation. Fever and 
malaise were present in 12 patients. 
Most rashes subsided in 2 to 4 days. 
In many cases the presence of melanin 
is a protection against sun eruptions. 
Three observations support this view: 
1, about one-diird of patients are sub- 
jects who sunburn easily; 2, die 
bronzed parts of the body tend to be 
afiFected less dian die others; 3, no 
eruptions have ever been seen in 
Maoris, who comprised about 100 of 
the patients treated during the 12 
mondis. The following parts are 
affected in order of severity: 1, parts 
e.xposed to the sun during chemo- 
therapy; 2, parts exposed in die past; 
3, pressure points, such as die great 
trochanters; and 4, least of all, parts 
always kept covered, such as the bath- 
ing-trunk area. Avoiding exposure to 
sunlight, 6 patients completed then- 
course of chemotherapy, and 3 had 
further courses later witiiout ill effects. 
In die milder cases, a rash is no indi- 
cation for discontinuing die drug. 

More recently Watkinson and Hil- 
lis^®- obsen'^ed transient eruptions in 
136 (34.6%) of 470 men at an R.A.F. 
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station who were given a 10 clay course 
of sulfanilamide, 2 gm. daily, as 
prophylaxis for streptococcic infec- 
tions. Most of the men svere vaccinated 
against smallpox shortly before, dur- 
ing or after sulfanilamide administra- 
tion, and apjrearance of the eruption 
coincided in all instances with develop- 
ment of the vaccination pustule. The 
role of photosensitization was indi- 
cated by the occurrence of lesions 
exclusively in areas exposed to light- 
head and neck, except for a small 
V-shaped area on the forehead shaded 
by tire forage cap, arms and forearms 
unprotected by sleeves, and, in a few 
cases, a small band about the ankles. 
A few men who had been sunbathing 
had more extensive raslies. In most 
instances the lesions were erythematous 
macules or maculopapules, although in 
4 cases vesiculation was obser\'ed. The 
rash faded witliin 1 week, leaving 
b^o^vn desquamating areas. In 23 cases 
die eruption was confluent and asso- 
ciated witli conjunctivitis, fever and 
malaise, simulating measles. The 136 
aflFected men were divided into 4 
groups, on tire basis of time of vaccin- 
ation with relation to administration 
of tile sulfonamide. The men in the 1st 
group, in whom vaccination pustules 
developed while the drug was being 
given, showed the highest incidence of 
eruptions (49.8^). Those in the 2nd 
group, in whom vaccination pustules 
developed 8 days after sulfanilamide 
therapy was discontinued, also showed 
a surprisingly high incidence of 
cutaneous reactions (26.3%). In the 3rd 
group of men, in whom vaccination 
reactions had subsided, 4 eruptions 
(4.6%) were noted. These occurred only 
in patients with unhealed vaccinations. 
No rashes were present in the 4th 
group of 71 men, in whom vaccination 
was not performed or was unsuccessful. 

In none of the cases did the rash 
recur on further exposure to sunlight. 
Patch tests were negative in 30 cases. 


indicating that the eruption was a 
transient photosensitii'ity rather than a 
true sulfonamide dermatitis. Possibly, 
the vaccination pustule acted as an 
inflammatory focus from which toxins 
were liberated by the sulfonamide, 
causing photosensitivity. 

We have noted the production of 
light sensitivity following vims infec- 
tion (c/. lymphogranuloma vener- 
eum’’* with and without ingestion of 
sulfonamides. This occurs often in the 
so-called s'inis pyogen sequence’’-'*). 

Many tjpes of emption may follow 
the use of sulfonamides. Among them 
are morbilliform””’’'*'; scarlatiniform 
erj'thema multiforme^’’ erj'thema nod- 
osum”*'; urticarial and angioneurotic 
edema^’; purpura, \’arioliform''’', vesic- 
ular’"-; bullous'- 

pustular; follicular; fixed erap 
tion’”’’'*' psoriasiform’’’'’; exfoli- 

ative dermatitis"’’”*®’’”'””’; pemphigus 
foliaceous-like eruption’®’, and bac- 
terids’’”. 

Most of these processes differ little 
from similar emptions produced as a 
result of administration of otlier dmgs. 
There are, however, certain features 
of some of tliem which deser\-e special 
mention. At the outset, it should be 
noted that any tj-pe of emption may 
result from any of tire sulfonamides, 
and once a patient has developed a 
reaction to one preparation it is unsafe 
to administer anotlier. For example, 
Arnold®" pointed out that it is not safe 
to administer succinylsulfathiazole to 
patients known to be sensitive to sul- 
fathiazole. Sometimes, however, one 
type may be responsible for tire major- 
ity of cases of a particular emption 
Most of the erythema nodosum-Iike 
eruptions have followed the use of 
sulfathiazole, but it has occurred after 
sulfanilamide or sulfadiazine. Lofgren 
in this connection stated that in his 24 
cases of this type of emption, the 
provocation effect of sulfathiazole was 
established, it was probable rvith re- 
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gard to sulfanilamide and possible but 
not demonstrated with regard to other 
sulfonamides. The bullous eruptions 
are frequently serious and even fatal. 
They may in ail respects resemble 
those produced by phenolphthalein. 
Benedek^®“ believes that cutaneous 
eruptions due to sulfonamides were of 
2 forms from the standpoint of mech- 
anism of production; 1, genuine drug 
eruption, and, 2, Milians biotropic 
eflFect. The former was of morbilliform 
or bullous type, tire latter was pomph- 
olyx 'in type. 

The relative incidence of cutaneous 
reactions produced by the sulfona- 
mides may vary from preparation to 
preparation and even different lots of 
the same preparation, more of die 
various sulfonamides may be consid- 
ered entirely safe in this regard. The 
literature gives highly variable figures 
and at best they do not represent the 
actual incidence since statistics dealing 
with individuals receiving repeated 
courses of sulfonamides yield consider- 
ably higher figures. For example, 
Lyons and Balberor^^^ observed 53 
patients (17 control and 36 patients) 
who had tolerated the first course of 
sulfathiazole (4 gm. followed by 1 gm. 
every 4 hours during a period on an 
average of 5 4/5 days); 19 (36%) devel- 
oped severe fever reaction during the 
second course of the drug therapy 
given 2 to 20 days later. Note should 
be made that if a patient does react 
during early tlierapy, the result is 
usually mild but subsequent reaction 
is apt to be severe or less fatal. The 
cutaneous reaction may be associated 
with other serious by-effects, especially 
in the hematopoietic system. The 
route of administration for develop- 
ment of sensitization may be only by 
injection or even local administration 
for therapy or testing for sulfonamide 
h}q)ersensitivit}'’^°‘^’^®®’^^®. Note was 
made above regarding die question 
whether ingestion of one sulfonamide 


sensitizes the patient to other sulfona- 
mides. While the evidence on tliis point 
is not entirely clear nor very imposing, 
the trend is toward the occurrence of 
cross sensitization. 

Widi these features in mind, the 
incidence of sulfonamide reaction may 
be better appreciated. Dowling and 
Lepper'*® noted among tiieir 500 
patients treated with sulfonamides die 
following incidence of dermatitis; fever 
and, or, conjunctivitis 2.4%; from sul- 
fadiazine 2%. Long, summarizing die 
literature^®®, noted 5.2% of eruptions 
after sulfathiazole dierapy; 2.2% after 
sulfanilamide, 2% following sulfapyri- 
dine and 1.3 from sulfadiazine. Park 
and Platts^®" found die incidence of 
eruptions following sulfanilamide to be 
4.3%, but only 1.9% after sulfapyidine. 
Odier estimates from various com- 
pounds range from a total of 3,7 to 
about 10%. 

The presence of sulfonamides in 
tissues may be determined by a 
histochemical method developed by 
MacKee, Herrmann, Baer and Sulz- 
berger^^®®’*^. Full details are given in the 
original communications. It employs 
Ehrlich’s Reagent ( p-dimediylamino- 
benzaldehyde) and has proved satis- 
factory in numerous studies in die 
cutaneous penetration of sulfonamides, 
after their solution in penetrating 
vehicles and their external application 
to grossly intact human and animal 
skins. 

The pathologic changes produced by 
sulfonamide allerg}'^ in man have been 
studied extensively. More and his col- 
leagues^-® found diat the lesions usu- 
ally combined necrosis of die tissues 
widi activity of the reticulo-endothelial 
system. The findings suggested that 
the lesions were always an ex-pression 
of allerg)^ French®® noted striking 
histopathologic changes in 76 autopsies 
and 2 additional specimens of skin 
taken for biopsy from patients appar- 
ently sensitized to sulfonamides. Char- 
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acteiislic acidophilic hisliocyles were 
present in focal and diffuse infiltrations 
m 17 organs. Significant vascular lesions 
weie characteiued by fibrinoid ne- 
crosis, endotlielial edema, and prolifer- 
ation. Lichtenstein and Fo\*''“ observed 
a patient with nccroti/ing arterial 
lesions resembling those of periarteritis 
nodosa and focal visccial necrosis fol- 
loNving the administration of sulfatlii- 
azole. Although no specific pathologic 
picture of the cutaneous lesions was 
recorded, it is worthy of note that the 
fatal reaction m this case began with 
a vesicular eruption. Geeves'’’- empha- 
sizes the danger signal afforded by 
cvitaiieovis lesions. In his S fatal cases 
of streptococcal infections coming to 
autopsy, 2 with generalized purpuric 
eruption showed se\ ere fatty meta- 
morphosis of the liver and moderate 
fibrinoid necrosis of tlic liver and 
mesenteric lymphnodes. In the third 
case without skin lesions there were 
no splenic nor lymphatic findings 

Keefer®” has summarized the prob- 
lem of sulfonamide eruptions as 
follows. 

“Skin Reactions —Among the common unto- 
ward reactions to tlie sulfonamides arc \an- 
ous skin eruptions They arc charactcnrcd faj 
tlieir pleomorplnsm, and are frecjuentl) 
accompanied bj' other signs of drugs intoxica- 
tion or h)’persensitivity. They vary in fre- 
quency with different drugs, and they are 
often widespread in distribution The lesions 
cannot be inhibited by tlie administration of 
para-aminobenzoic acid There is nothing dis- 
tinctive about the eruptions, since they may 
be erythematous, morbilhfonn, urbcanal or 
purpunc, and m some cases a generalized 
exfoliative dermatitis, witli massive edema, 
appears Lesions resembling erythema nodo- 
sum are most frequently seen following sul- 
fathiazole therapy One of the curious features 
of some of the cases of dermatitis, especially 
those following sulfanilamide, is the fact that 
the erupbon develops after exposure to sun- 
hght, or, at least, is made worse following 
such exposure 

“The skin empbons occur at one of three 
penods following the administrabon of die 
drugs The usual fame is between seven and 
nine days after tlie drug is started, although 
the lesions may appear as early as the fourth 


ua> 'Ihc) iii.ix occur, houcier, .is a prompt 
or .iccclcratcd reaction uitliin 24 liours after 
the drug lias been st.iried, or .is late .as 2 to 
6 weeks When the skin eruptions arc prompt 
or aeeticraled, the) almost inx.inably occur 
tn persons who Iiase presiousl) received 
llie s.ime- or .i elosel) related dnig For 
i sample, the usual storj is that they rcccised 
tlic s.ime or a different sulfon.imide at some 
time m the p ist, .ind that a reaction conse- 
ipicntK followed within 7 to 14 dajs. Tlus 
(it'l.ned reaction, whieii w.is seit-liinited 
m iiuration, tlis.ippeared following wath- 
iir.iw.il ot tliu drug Then, after an inters al 
s.irjing troin a lew days to months or esen 
se serai je.irs, the s.iine drug or a different 
one IS gisen, with a prompt reaction The 
prompt reaebons may occur after single small 
closes, and the) ma) be more estensive and 
senons than the pres ions reacUons, since the) 
.ire sometimes associated with esfohabve 
dermatitis or the signs of toxic hepabbs 
Although these prompt or accelerated reac- 
bons occur oflener in pabents who have had 
re.ietioiis follossmg the first expenence with 
tlie drug, tlic) may appear in those who 
have presiously had the drug without an) 
noticeable reaebons. Pabents who have 
.icquired sensibsaty to sulfa-p)Tidine ma) 
react in a similar manner to sulfametli) 1- 
ihiazole of sulfap)Tidine, but not to sul- 
fanilamide, and pabents who are sensible to 
the esters of para-aminobenzoic acid (pro- 
caine hsdrochlonde) may be sensible to sul- 
fanilamide ( para-ammobenzoic sulfonamide) 
It IS plain, then, tliat tlie h)'persensibnty to 
the drug ma) be specific, and that the reac- 
tions may follow tlie esluhibon of a elosel) 
related drug This suggests that there is a 
common substance in the sanous drugs to 
which some pabents become sensible 
“In most cases, the prompt In persensibv e 
skin erupbons are accompamed by feser, 
.md m some, tliey may be associated intli 
such features as tone hepabbs 

“Delayed skin eruptions occur com- 

monl) behseen the Ttli and 9th d.iy after 
the drug is started, and feser is associated 
w'idi the eruption in about half the cases 
The fes'er may subside witlnn 2 to 7 da)’S 
after the drug is svithdrawn, but the skin 
eruptions may persist for seseral weeks or 
esen longer Other associated features are 
generalized edema, enlargement of the lymph 
nodes, leukocytosis (otfen reaching a count 
of 70,000 or 80,000), transient jaundice with- 
out anemia, and eosinopliilia (20 to 55%) 
The delayed skin erupbons may also be a 
feature in the pabents woth neutropenia or 
in the cases of jaundice occumng as late as 
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die 6th week after the drug has been dis- 
continued. 

“Although many observers have not 
encountered serious reaction to the sulfon- 
amides and others have advocated long con- 
tinued oral administration ( e.g., 2 weeks after 
completion of treatmenti8ia>b to prevent 
sensitization to these drugs tlie dermatolo- 
gists of New York^fi found it necessary to 
adopt tire following resolution: 

‘Whereas, Repeated administration of sul- 
fonamides eitlrer internally or locally may 
sensitize an individual to these drugs and 
thereby preclude tlreir future use in serious 
diseases, such as pneumonia; therefore, be it 

‘Resolved, That the Section on Dermatol- 
ogy and S)'philology go on record as strongly 
disapproving the indiscriminate use of sul- 
fonamide drugs in relatively harmless diseases 
of the skin which can be satisfactorily treated 
by equally efficient drugs; and be it further 

‘Resolved, That the Section condemn the 
use of prepared dressing containing sulfon- 
amide drugs which are sold promiscuously 
to the lait)'.’ ” 

Penicillin. The literature on Penicil- 
lin reactions is already colossal. For- 
tunately Etlian Allan Brown-® has 
performed a great task by reviewing 
this subject for the period 1943-48. 
This review is based on 308 papers 
and an additional 52 papers, in which 
sensitivity is mentioned, but neither 
defined nor described, published from 
March, 1943, to October, 1948. The 
reader is referred to this paper for 
die references to the reports cited here. 
The earliest report indicating cuta- 
neous reaction was diat of Keefer and 
his colleagues who found 14 instances 
of urticaria among their 500 patients. 
Lyons claimed urticaria as die com- 
monest single complication occurring 
in 5.7% of 209 surgical cases (U. S. 
Army). He classified his patients into 
2 groups: those who reacted to a par- 
ticular batch with chills, headache, 
facial flushing, muscular cramps, 
nausea, vomiting, and those who re- 
acted to anv type of penicillin widi 
fever, urticaria and transient azotemia. 
Dueniling in 1946 summarized the 
results of ti'eatment in 17,879 Naval 
patients treated with penicillin for 65 


clinical conditions. Of diese, 892 were 
patients with latent, early and neuro- 
syphilis. Of the total group 10% sus- 
tained Herxheimer reactions, urticaria, 
pruritus and fever. Thomas (1948) in 
an experience of 10,000 cases, found 
urticaria to lead the list in respect to 
frequency of reaction type (2.5%). This 
occurred in 7 to 12 days after onset of 
dierapy, and persisted 4 to 5 da)^s 
regardless of the continuation or dis- 
continuance of penicillin therapy. 
Usually the penicillin would be con- 
tinued after onset of urticaria. Angio- 
neurotic edema occurred after peni- 
cillin oil beeswax (2 cases in 804 
treated). Erydiematous papular and 
dermatitic reaction occurred in a num- 
ber of patients. Bullous dermatitis 
occurred in 2 patients. Cormia and his 
co-workers encountered 0.5% reactions 
among 2000 soldiers given prolonged 
penicillin treatment. Urticaria and 
angioneurotic edema were among the 
reactions listed. They observed a 
syndrome resembling serum sickness, 
acute syncope with transient urticaria- 
like eruptions, ery them ato vesicular 
eruptions, derinatophytid-like reactions 
and erythema nodosum. Intradermal 
tests Avitlr 3 brands of penicillin gave 
partial results in 84, 65 and 23%, 
respectively. Some patients with severe 
reactions gave negative results. Among 
116 control subjects tliere were also 
some positive reactions. Crystalline 
penicillin also caused some of the reac- 
tions. Numerous other reports shouted 
a variable incidence of cutaneous reac- 
tion to penicillin, of various types and 
routes of administration. Peck and his 
associates found tliat among diose who 
had had no previous penicillin, reac- 
tions occurred in 5%, but among tliose 
who had received previous treatment, 
the incidence rose to 25%. Males sus- 
tained more reactions dian females. 
Skin tests (intradermal) were positi\'e 
in variable percentage. There is a 
variety of types of cutaneous reactions. 
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Among those resulting from oral 
and parenteral injection are: 

OuAL ItouTi:: 

Stomatitis and glossitis. 

Mclnnoglossia (blnck tongue) (lozenges). 

Aphthous stomatitis. 

Thrush. 

Glossodi/nia and exjoliation of filaments of 
fdiform papillae of tongue. 

VariccUiform eruption. 

Urticaria and angioneurotic edema. 

Dermatitis. 

Local Contact with Skin. Not discussed 
here, but contact sensitization may occur after 
prc\nous oral administration. 

Injection. Urticaria: May occur shortly or 
days after injections .arc started or some 
time after treatment is concluded, (acute or 
del.iycd reaction). The internals between 
treatment courses may be of importance. 
Urticaria may be due to concomitant treat- 
ment (c.g., penicillin and heparin). Urticaria 
is often sole reaction to penicillin but may be 
associated with other signs and sjanploms of 
serum sickness. Reactions may be serious 
enough to cause discontinuance of therapy. 

Local Ucaction: Induration and sterile 
abscess at site of injection of penicillin in 
beeswax reported by various authors. Cel- 
lulitis or pseudocellulitis ha\'e also been noted. 

Pruritus without r.ash. 

Morbilliform eruption. 

Bullous eruption. 

Purpura. 

Exfoliative Dermatitis: These may be 
severe. Patient may be sensitized by contact 
and react by injection. Exfoliative dermatitis 
may be delayed reaction. 

Dermato ph ijtosis-libe reactions. 

Activation of dermatophijtic focus. 

“Id’’ reaction. 

The most careful studies done by Cormia 
and Lewis elicited the relationships between 
sensitization to penicillin and pre-existing 
fungus disease. Following a series of 8 exper- 
iments, the authors concluded that many of 
the loc.al and systemic reactions occurring 
during or after penicillin therapy were the 
result of a previous sensitization by a 
dermathoph)i:e. In 45 children, aced 2 
months to 6 years, who had never previously 
demonstrated fungus disease or received pen- 
icillin therapy, there was a nonspecific 
immediate reaction after intradermal tests 
witli 1000 units of penicillin, with no delayed 
48 hour reactions. In 17 patients, however, 
who presented active fungus disease, but had 
received no pem'cillin, immediate reactions 
occurred followang intradermal tests xvith 41% 
of the subjects, developing the 48 hour 


tuberculin type of reaction. Of 8 guinea pigs, 
5 developed papular lesions following the 2nd 
intradermal injection of penicillin given 28 
days following the initial injection. In these 
5 animals, the injection sites of the positive 
reactions were not flared up by intravenous 
injection of penicillin. There was no anaphy- 
lactic shock. Four of the 5 animals gave 
positive reactions to intradermal trichophytin 
injections. Five guinea pigs given weekly 
intradermal injections of trichophytin for 4 
injections, followed a week later by intra- 
derma! injections of penicillin, aid not 
develop sensitivities to cither trichophj'tin or 
penicillin. A trichophyton gypseum infection 
induced in 6 guinea pigs resulted in positive 
intradermal reactions to penicillin in 3. In 7 
rabbits with trichophyton purpureum infec- 
tion of the skin, 5 developed positive reac- 
tions to penicillin. 

In a later paper, Cormia, Lewis and Hop- 
per evaluated the relationship between sensi- 
tization to penicilhn and sensitization induced 
by superficial fungus disease by tlie Schultz- 
Dale test, using guinea pigs infected xvith T. 
gypseum or sensitized to penicillin. They 
demonstrated that in guinea pigs, anaphy- 
lactic sensitization to commercial sodium 
penicillin might be induced by a single injec- 
tion Given intradermallv, or to crystalline 
penicillin sodium by a single intradermal. or 
4 daily, intraperitoneal, injections. The guinea 
pigs could be sensitized anaphylacticmly to 
crs'stallinc penicillin, in guinea pigs infected 
with T. gx'pseum. The authors feel that this 
positive reaction confirms the supposition that 
there is a common antigen in penicillin and 
the pathogenic fungi, which causes superficial 
fungus disease and that shock-like reactions 
in man are due to pre-existing sensitization 
bv such pathogenic fungi. 

Aggravation of bacterids. 

Sensitization to penicillin mav occur 
with different lots of the drug. Desensi- 
tization mav be successful, according 
to Peck and associates, and O’Don- 
ovan and Klorfajn. A x'ariet)' of drugs 
have been advocated in the treatment 
of penicillin cutaneous reactions. In- 
travenous nicotinic acid in doses of 
35 mg. in 10 cc. of distilled water has 
been reported bv Service for control 
of urticaria. The antihistaminic drugs, 
epinephrine, and similar preparations, 
have been used with variable results 
(Willcox, Pillsburv, et al.). Para-amino- 
benzoic acid has also been found of 
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value (Kampmeier; Gelfand). Procaine 
intravenously (1 gm. in 500 cc. of 
isotonic saline given in 2 hours) has 
been used by Van Root for urticaria. 
Vitamin K, Vitamin B and various 
other more specific measures have 
been used in therapy of these reactions. 

Brown summarizes this subject as 
follows: 

“At the present time information concern- 
ing peniciliin reactions may be summarized 
as follows: ‘The reactions occur most fre- 
quently in patients who have had several 
courses of penicillin. Tlie continuation of 
penicillin treatment of a patient who has 
reacted witlr urticaria may or may not be 
tolerated. Skin tests are unreliable in pre- 
dicting the occurrence of reactions and the 
anti-histaminic drugs may or may not con- 
trol the reactions and permit continuation of 
penicillin therapy.’ Pdfsbury and his associ- 
ates state tlrat the urticaria reactions may be 
persistant and severe and may be accompa- 
nied by astlima and may be followed by 
ecchymoses and uterine bleeding. It is their 
opinion that the incidence of urticarial reac- 
tions is increasing as suggested by the fact 
that 1.8% of reactions occurred in the first 
824 cases of syphilis treated at tire University 
of Pennsylvania, whereas 12 cases have 
occurred in the last 200 patients treated 
between October 1945, and May 1946. Of 
23 cases of urticaria treated witli anti- 
histaminic drugs, 16 with Benadryl were 
relieved in 14; with no relief in 2 and 7 
treated with PBZ showed relief in 2 and 
none in 5. In tlieir opinion, penicillin must 
be halted as soon as a reaction occurs, unless 
there is immediate critical need of the drug. 
Antihistaminic agents should be given by 
moutli 3 times dailj' or slow intravenous 
injection in isotonic saline is advised if the 
reaction is severe. After subsidence of the 
urticaria or the accompanying symptoms, a 
test dose of another brand of peniciliin 
(1,000 U.) may be given, while the anti- 
histaminic drug is continued by mouth. If 
there is no reaction in 6 hours, a second 
dose of 10,000-20,000 U. can be used followed 
by the full tlierapeutic dose if tliere is no- 
reaction within 4 hours. The antihistaminic 
drugs should be continued and gradually 
reduced over a period of 2 to 3 daj's. No 
compounds prolonging the serum level of 
penicillin should be used during the period 
of trial administration. If re-adminisfiation 
is impossible and therapy is desirable, cau- 


tious administration should be resumed after 
an interval of 4 or more weeks.” 

The available literature on strepto- 
mycin suggests tliat the same types 
and factors in drug sensitivity are 
being observed after use of tliis drug. 

Arsenicals. The problem of arsenicals 
of various types producing cutaneous 
reactions has been covered in a vast 
literature. We have reviewed several 
aspects of arsenical eruptions in this 
Journal on two occasions. In our re- 
view of The Trivalent Arsenicals in 
Syphilis^'^-®'*^ tlie types of eruptions and 
certain factors in tlieir patliogenesis 
were discussed. In the review on 
Tumors of the Skin^^*^*® the arsenical 
keratoses and cancer were covered. In 
the present compilation we shall, tliere- 
for, mention some of tlie loose ends 
not touched upon in tlie previous pre- 
sentation. Furthermore, die introduc- 
tion of penicillin into s)qDhilotIierapy 
has materially lessened the incidence 
of tliese cutaneous reactions. 

Arsenical jaundice has been given 
considerable attention lately. Most of 
the current literature has been re- 
viewed, in connection with his ovm 
experience, by Ambrose King'*^. He 
concludes that die common prevalent 
type of post-arsphenamine jaundice is 
probably due to an infective agent 
introduced in the course of injections. 
It is preventable by careful technique 
in the sterilization of syringes and in 
the preparation of fluids for injection. 
The less common form of post- 
arsphenamine jaundice is possibly a 
sensitization phenomenon and due to 
indmdual idios)mcrasy. There is no 
known method of prevention, although 
some established cases may benefit 
from sulphur-containing amino-acids in 
adequate dosage. Subsequent arsen- 
ical therapy may be entirely well 
tolerated, but usually tiiose in the 
group in which sensitization is sus- 
pected may require preliminar}’’ de- 
sensitization. 
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Tlie 9th clay eiytliema of Milian is 
usually regarded as harmless and ia 
not an indication for cessation ol 
ai'aenical therapy. Leifer'-'”, however, 
has called attention to the danger ol 
continued arsenotlierajiy in lliese cases 
ol eiythema of the 9tli day. In a series 
of 14 instances of characteristic reac- 
tion continuation of arsenical after the 
initial reaction led to serious paren- 
chymatous damage in the form of 
jaundice, agranulocytosis, with or 
without nephritis. It is interesting to 
note tliat 12 of the 14 jjatients subse- 
quently tolerated penicillin therapy 
without incident. 

Barbiturates. The literature on barbi- 
turate reaction is voluminous. This is 
largely due to tlie numerous prepara- 
tions belonging to tin’s class of med- 
icaments and to tlie alertness of tlie 
physician to die cutaneous manifesta- 
tions produced by tiiese drugs. A sam- 
ple of recent literature affords ample 
illustration of die variety of cutaneous 
eruption as well as die demonstration 
that mail)' t)'pes of barbiturate are 
responsible for diem. Occasionally, 
however, one type of drug may lead 
to an excessive number of a particular 
reactions, e.g.. Purpura hemorrhag- 
ica^--; from sedormid"®-'®’. The same 
hemorrhagic cutaneous reaction may 
occur from phenobarbital in thera- 
peutic doses (in a patient with myo- 
cardial infarction-®®*). Severe exfolia- 
tive dermatitis is occasionally encount- 
ered after diese drugs. It may eventu- 
ate in recovery^®’, or fatally^®^. 

In general, the more frequentl)' 
obsen'ed 1)^105 of reaction to the 
barbiturates include a sensitization 
reaction, manifested chiefly by urtica- 
lia, pruritus and a toxic type such as 
morbilliform or scarlatiniform maculo- 
papular erythema which in severe 
cases may lead to severe bullous (even 
hemorrhagic) process. Fixed drug 
eruptions are also occasional!)' ob- 
served^®®. Loveman pointed out in diis 

® Incorrectly classed with the barbiturates sii 
a hypnotic. (H. B.) 


connection that cutaneous sensitivity 
to one barbiturate does not preclude 
sensitivity to other members of the 
group. Light sensitivity induced by the 
barbiturates is discussed in our review 
on Photodynamic Effects in Dermatol- 
ogy’"®*^. Occasionally a granulomatous 
lesion niai' occur'’*® and recently Ber- 
lin*’* has observed ectodermosis erosiva 
pluriorificialis due to phenobarbital. 
The observation that barbiturate given 
to the lactating motlier may appear 
in human milk*’-® has suggestive impli- 
cations for the infant. 

Bromides and Iodides. An interest- 
ing and controversial chapter in the 
problem of drug eruptions is tliat of 
the halogens (bromides and iodides). 
In spite of the obvious relationship 
of certain clinically specific cutaneous 
processes to iodide or bromide inges- 
tion or administration, publicity of 
tliese usually occasional reactions has 
played a somewhat deterrent role in 
the universal consumption of goiter- 
preventing iodized salt. Although there 
is usually agreement tliat these prep- 
arations do produce eruptions or ag- 
grai'ate certain e.xisting cutaneous 
processes, tlie point of departure is in 
assessing tlie magnitude of tlie prob- 
lem. However, recentl)' Gaul and Un- 
derwood®' have presented evidence 
suggesting tliat iodized salt does not 
unfavorabl)' affect the course of acne 
vulgaris, a finding reminiscent of Sut- 
ton’s'®®'' proposal to use iodized salt in 
the tlierapy of this disease. Witliout 
attempting to resolve the various i4ew- 
points in this controversy, we present 
some of tlie recent reports of cutaneous 
reactions in patients receiving tliese 
halogens. The severe non-cutaneous 
reactions sometimes occurring vutli tlie 
cutaneous vdll not be detailed. 

Bechet'®’’ has covered the etiologic 
role of iodized table salt in iododerma 
and incidentally he has collected tlie 
available literature on many aspects of 
the iodide problem. He came to tlie 

e sedormid is aUyl-isopropyl-acetyl-carbamide, 
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following conclusions, dramatically 
opposite to those cited above: 

Since 1924, iodized salt has been 
recommended indiscriminately to the 
public, which has been assured of its 
complete safety. As a result, it is being 
used by tiiousands as a tonic, witliout 
even the knowledge that it is useful 
in goiter, and in ignorance of tlie fact 
that severe iododermas and even 
deatli, have followed tlie administra- 
tion of iodine in less tlian medicinal 
doses, among its users. 

Fifteen deatlis are cited from tire 
literature, and 3 non-fatal cases of 
iododermas of the bullous type, seen 
during tlie past year alone in patients 
using iodized salt are briefly described 
for the first time. 

The role of iodized salt in die 
etiology of acne in many patients is 
well recognized by dermatologists. Its 
relationship to the acneform iodod- 
ermas has been proved by the fact that 
the lesions disappear on its elimination 
only, or with tlie administration of 
ordinary salt. Recurrences on again 
taking iodized salt have occurred. Its 
etiologic relationship is some cases of 
acne vulgaris is shown by failure of 
response to roentgenodierapy until its 
use is discontinued. On questioning 
such patients, a history of the ingestion 
of iodized salt for long periods, was 
elicited, and tliey showed no improve- 
ment with roentgenotherapy. All im- 
proved rapidly after discontinuing 
iodized salt, and. the administration of 
sodium 'chloride hy mouth or intra- 
venously. Acneform iododermas oc- 
curred in 18 cases, and the results from 
Roentgen-ray therapy were equally 
unsatisfactori' until the iodized salt 
teas stopped- and sodium chloride 
given. 

In a recent report Ehrich and 
Seifter®- described a fatal case of 
thrombotic thrombopenic purpura re- 
sultant from kelpidinej a commercial 
reducing agent containing kelp and 


iodine. These investigators suggest that 
the purpura was caused by an antigen 
antihod}' reaction involving cells of 
the thrombocytic series. The involved 
cells agglutinated or disintegrated and 
occluded many capillaries; as a result 
the blood was depleted of tlirombo- 
cytes and thrombopenic purpura 
ensued. Purpura following iodine ther- 
apy is rarely observed and tlie specific 
type described by Ehrich and Seifter 
is unique. 

Eruptions From Miscellaneous Drugs. 
Chloral Hydrate. It is possible to 
to find a person sensitive to practically 
ever}' drug. For diis reason it would 
be a futile task to list all tlie reports 
dealing witli individual examples of 
reactions to this or that preparation. 
However, we shall mention certain 
recent reports. Baer and Sulzberger^” 
have observed an instance of eczem- 
atous dermatitis due to cliloral hydrate 
following both oral and topical appli- 
cation. This is a significant finding 
since dermatologists and others are 
prone to consider chloral hydrate a 
safe and satisfactory sedative especially 
for patients suffering from barbiturate 
or bromide eruptions. The distribution 
of tlie reaction in Baer and Sulzberger s 
case resembled tliat of hematogenous 
eruptions following the use of the sul- 
fonamides (scalp, face, neck, hands 
and forearms). 

Liver Extract. T he parenteral admin- 
istration of liver extract has been re- 
ported infrequently. Jones®" was able 
to collect 16 reports of reactions in the 
Quarterly Index Medicus to 1939. Only 
6 of these were in the American liter- 
ature. The reported reactions include 
mainly skin and pulmonar}' manifesta- 
tions. Urticaria was the most fre- 
quently recorded cutaneous t}'pe. One 
natient witli er}'thema nodosum was 
in tliis series. Jones, personally, had 2 
patients u4th allergic reactions to this 
nreparation. one e.xhibiting urticaria 
and the otlier anaphylactoid phe- 
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nomena. The sensitivdty to liver is said 
to disappear after a time and desensi- 
tization is reported as possible. Admin- 
istration of li\'cr internally is also 
possible. We have observed one pa- 
tient who developed urticaria only 
after liver e.xtract of hog origin. Beef 
li\'er preparations were innocuous. 
The reach’ons in this case occurred 
after either parenteral or oral use of 
tlie preparations. 

Trimethadione (Tridione). This prep- 
aration, recent!}' introduced for the 
therapy of petit mal and related dis- 
orders, has been found to produce cer- 
tain toxic phenomena among which 
are cutaneous lesions. Acnefonn lesions 
have resulted on occasion following its 
use. Shaffer and Morris^®® have re- 
ported severe ei^'thema multiforme of 
the pluriorificial t}'pe (Stevens-Johnson 
S}'ndrome) resulting in blindness in a 
white boy aged 6%. Among other treat- 
ment he had received trimetliadione in 
dosage of 0.3 gm. twice a day for about 
16 days. ( During this period 6 doses of 
0.5 to 1 cc. of polyvalent anterior 
pituitary extract were also adminis- 
tered. ) Three days before the last 
dosages of trimethadione were taken 
a red spot developed at the site on the 
buttock of an injection of the pituitar}' 
extract. However, on this date another 
injection of this product in the other 
buttock did not lead to a local lesion 
at this site. The following day bullae 
had developed about the lips. On the 
day follo%ving the last trimethadione 
injection a generalized eruption accom- 
panied b}' fever, severe cough and 
dyspnea resembling asthma had ap- 
peared. During a stormy course the 
process subsided but not without per- 
manent damage to die eyes. Tests 
(including passive transfer) with 
pituitary extract and trimethadione 
gave negative results. Although there 
is strong suggestion that trimediadione 
was the offending substance in this 
case, there is no clear-cut proof of 


this, since simultaneous administration 
of more than one preparation con- 
founds the issue. Recently Leard and 
his co-workers®' have reported on a 
patient witii hepatitis, exfoliative 
dermatitis and abnormal bone marrow 
occurring during tridione therapy. 

Mesantoin. Methylphenylethyl hy- 
dantoin (Mesantoin), which has 
proved to be useful as an anticon- 
wlsant in epilepsy, may cause serious 
side effects, among which are reactions 
of die skin and ehanges in the blood. 
Although the eruptions are usually 
benign and respond quickly to cessa- 
tion of treatment with the drug, it is 
possible for diis complication to be of 
a serious nature. 

Ruskin’®' has recently reported the 
results of one year’s administration of 
methylphenylethyl hydantoin to a 
group of 26 institutionalized patients. 
He indicated that 1, the occurrence of 
toxic reactions did not necessarily 
increase proportionately ivith the dos- 
age; 2, toxic reactions appeared to 
depend more on the patient than on 
the dnig. Of the toxic reactions, the 
complaint of drowsiness was the most 
frequent, but was independent of the 
dosage or the concurrent administra- 
tion of phenobarbital. Only 1 patient 
(3.8?) presented an eruption. This was 
scarlatinifoim in nature and appeared 
when die patient received onl}' 0.1 gm. 
daily. Tlie lesions disappeared when 
treatment xvith the drug was discon- 
tinued and did not reappear when the 
patient was again recemng the drug. 
By starting, the second time, ivith a 
smaller dosage and raising the dosage 
slowly, it was eventually possible for 
the patient to receive 0.3 gm. daily. 

Since the completion of the 1 year 
study of the original 26 patients, the 
drug has become more plentiful and 
more patients are gradually being 
added to the original group. In only 
one of these did a rash develop. Un- 
fortunately, this bullous eruption did 
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not present tlie fairly innocuous pic- 
ture the writer might have expected 
from his own past experience or the 
experience of otliers. The author, there- 
fore, warns against the unbridled en- 
thusiasm which often follows the 
development of a new fairly success- 
ful treatment for a condition which, in 
the past, has been so unresponsive. 

Hijdanfal ( 5-phenyl-5-ethyl-3-methyI- 
hydantoin) another anticonvulsant for 
use in epilepsy produces eruptions in 
about 4.5% of cases in which it is 
administered in combination with 
phenobarbitaP®®. The eruption usually 
appears within 2 weeks and may dis- 
appear within about 10 days when 
treatment with the drug is discon- 
tinued. 

Dilantin Sodium (Phenytoin; sodium 
diphenyl hydantoinate). By now the 
hypertrophy of the gums produced by 
this anticonvulsant is well known. In 
addition tliis preparation may produce 
a variety of cutaneous reactions. For 
example, Finkelman and Arieff®® found 
one patient with a scarlatiniform erup- 
tion with fever and 6 with “pruritus” 
as well as 17 cases of gingival hyper- 
plasia among tlieir 41 patients treated 
with phenytoin sodium according to 
the method of Merritt and Putnam. 

Nirvanol Eruptions. Nirvanol (phe- 
nylethyl hydantoin), a preparation for 
treatment of chorea, known to the Eu- 
ropeans since 1916 and introduced to 
American physicians in 1930 by Ray 
and Cunningham^®h always produces 
cutaneous symptoms accompanied by 
a definite symptom complex after it 
has been administered for a certain 
fixed time and in exact amounts. Mad- 
den^^® m 1932 made an extensive re- 
view of the literature on this drug and 
as a result of his personal experience 
found die svmptoms to appear vith 
clock-like precision. On the second or 
third day after the administration of 
nirvanol is be^n, the choreic move- 
ments are greatly exaggerated. Tliey 


are soon followed by sedative effects. 
Fever generally develops from the 7th 
to the 9th day, reaches a maximum in 
24 hours and subsides during the next 
day or so. If the drug is continued, the 
fever is prolonged. The eruption 
usually appears between the 9th and 
12th days. Tire lesions appear at first 
on the covered parts of the body and 
appear on the face and in the more 
severe cases. It is usually morbilliform 
and may resemble one of the cicate 
exanthemata. Stomatitis, bullous or 
ulcerative, has also been described. It 
is of short duration but may recur. 
The histopathology of the lesions is 
the same as found in any toxic 
erythema. The prognosis of nirvanol 
eruption is usually good. 

Dinifrophenol. Although one rarely 
has occasion nowadays to use dinitro- 
phenol in the therapy of obesity, this 
preparation was extremely troublesome 
more than a decade ago. Beinhauer^^ 
for example, recorded the case of a 
patient who had developed urticaria 
following its use. Hitch and Schwartz"^^ 
in 1936 observed a patient who had 
developed multiple and severe reac- 
tions including exfoliative dermatitis, 
cataracts and polyneuritis. In his com- 
prehensive study, Simkins^®® noted that 
“skin rashes, which are common, no 
longer excite flieir quondam fear.” 
Because development of cataracts is 
too high a price to pay for weight 
reduction, Simkins felt that the clinical 
use of dinitrophenol should be reserved 
for urgent indications only. 

Acetophenetidin. Often regarded as 
dangerous, this drug has been cham- 
pioned recently by Cohen®® who con- 
cluded that there is little or no evi- 
dence to fustifv the inclusion of this 
compound in the category of danger- 
ous drugs. He does, however, include it 
in die list of some of the drugs which 
cause dermatoses (allergic). There is 
no soecific rime of eruption caused by 
acetophenetidin. The riqies of cuta- 
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neons manifestations noted in this 
re\4e\v include exantliemata, urticaria 
(angioneurotic edema), flushing of the 
face, and petechiae. 

Mercurials. Tlie subject of mercurial 
eruptions has been reviewed thor- 
oughly by Wright-®'’’ and Billo-'*. These 
findings need not be repeated here, 
but the report of Gibbs, Shank and 
Pond®’’ on the absorption ot externally 
applied ammoniated mercury is. a re- 
minder of the frequently overlooked 
possibility of wddespread eruption and 
other mercurial lesions resulting from 
the local application of this med- 
icament. 

Bismuth Compounds. The cutaneous 
reactions to bismuth compounds have 
been fully covered in Modem Clinical 
Sj'philolog)''”®. Mfliile penicillin ther- 
apy has largely eliminated tliis compli- 
cation from bismuth, the introduction 
of new bismutli preparations for oral 
use in various dermatoses leaves a 
possible fruitful source for such reac- 
tions. Bismuth pigmentation is still 
reported^®^. 

Antihistaminic Drugs. Tlie various 
antfliistaminic dmgs (such as Benadr)d 
and Pyribenzamine ) have as yet 
yielded but little cutaneous reaction. 
Although an occasional case of derma- 
titis medicamentosa occurs from their 
use, they are singularly infrequent*''*^'*^- 
72.101,149 'j'jjg possible occurrence of 
granulocytopenia from one or another 
of these preparations-^ suggests neces- 
sary vigilance for cutaneous and other 
reaetipns. Rives and his colleagues^®®® 
have just reported a fatality from inges- 
tion of Thenylene (MethapjTilene). 

Various Drugs. A number of dmgs 
have on occasion recently been re- 
ported as productive of emptions. For 
example, alopecia has been noted fol- 
lowing the use of the antispasmodic 
cyverine hydrochloride^®®; exfoliative 
dermatitis from diethylslflbesteroF^®; 
eczematous emption from Carters Lit- 
tle Liver Pills (Podophyllin)"*^; toxic 


erythema and e.xfoliative dermatitis 
resulting from the administration of 
sulfocyanates in tlie treatment of hy- 
pertension”; erythematous and mor- 
billiform and purpuric eruptions due 
to ephedrine®; scarlatiniform emp- 
tion'®'’; and exfoliative dermatitis'®* 
from codeine'®®; arg)Tia has been fully 
discussed in the monograph by Hill 
and Pillsbur)'"®. Recently Boersma and 
Baker®® in a study of the distribution 
of silver deposits in a patient with 
argj'ria, obsen'ed that the membrane 
propsia of the large axillar)' sweat 
glands contained little silver in con- 
trast to tlie dense concentrations of 
sib'er in the connectii^e tissue surround- 
ing the small sweat glands. This dis- 
position of silver seemed to be directly 
related to the difference in concentra- 
tion of elastic tissue in tlie connective 
tissues enveloping the two types of 
glands. The revii’al of interest in gold 
products because of tlieir effectiveness 
in ardiritis has led to an ever growing 
literature on the reactions to gold com- 
pounds. Wilde there have been numer- 
ous reactions in other systems, the 
cutaneous phenomena have been sum- 
marized b}'^ Kierland®*'’ as follows: 
Cutaneous reactions are many, vary- 
ing from simple evanescent er)'tiiema 
and pruritus to protracted universal 
e.xfoliative dermatitis or erythroderma. 
Urticaria or erythema multiforme may 
be tlie sole ewdence of to.xicity, while 
pruritus, localized or generalized, 
alone may be the symptom. Morbilli- 
form and scarlatiniform eruptions are 
seen which may subside promptly 
when use of the drug is discontinued 
or may progress to exfoliative derma- 
titis. Rarely, eruptions simulating 
those of pityriasis rosea and lichen 
planus may be seen. Metallic gold may 
be deposited in the skin and give rise 
to a condition knoxvn as chrysiasis or 
auriasis. This is manifested by a diffuse 
slate-colored darkening of the skin 
and usually appears late in the course 
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of treatment or even months after 
treatment witli gold has been discon- 
tinued. Thiouracil eruptions have been 
evaluated by the Council on Pharmacy 
and Chemistry of tlie American Medi- 
cal Association^®®. Among 5745 patients 
in tlie report, 189 (3.3%) presented die 
following eruptions: urticaria 64; 
papular rash 37; morbilliform rash 23; 
erythema 18; macular rash 17; acnei- 
form rash 3; pruritus 3; edema of legs 
1; and unspecified dermatitis 23. It 
should be pointed out diat diese cu- 
taneous reactions to thiouracil were 
usually mild, but die occurrence of 
urticaria in such liigh proportion can- 
not be summarily dismissed (cf. sul- 
fonamides). These reactions were 
independent of dosage. 

Chloroquine [7-chloro-4 (4-diethyla- 
mino-l-methylbutylamino)] . Quino- 
line, an antimalarial drug produced 
lichen planus-like eruptions in 2 indi- 
viduals®. In spite of the increased and 
widespread use of amphetamine sul- 
phate (benzedrine) and its analogue 
dextroamphetamine sulphate ( dexe- 
drine) only 1 questionable case of 
dermatitis was found by Kauvar, Hen- 
schel and Ravin®® after a thorough 
search of die literature. They described 
an additional case of their own from 
amphetamine sulphate. Patch and 
scratch tests with die drug yielded 
negative results. 

Aspirin (acetyl salicylic acid). In- 
creasing numbers of fatal reactions to 
this universally used preparation are 
appearing, but in proportion to the 
number of people exposed to this 
medicament die incidence of reactions 
is indeed small®^'®®’®^. Most of the 
reactions are thought to be of an aller- 
gic nature. Urticaria and purpura are 
die most frequent cutaneous reactions. 
Angioneurotic edema comprised 19% 
of the patients with reactions in Prick- 
man and Buchstein’s^^^ series of h)'per- 
sensitization to aspirin. 

Treatment. Witiidrawnng the offend- 


ing drug is usually effective of cure of 
drug eruption in a reasonably short 
time. However, because of certain 
exceptions, notably the halogens (bro- 
mide and iodide) and die arsenicals, 
auxiliary methods of treatment are re- 
quired. No attempt will be made to 
oudine all the procedures, but some of 
the recent proposals in diis connection 
will be mentioned briefly. 

Although penicillin may not be die 
last word in sypliilodierapy, it has 
removed die much feared cutaneous 
reactions incident to die arsenical 
treatment of diis disease. Prior to die 
introduction of penicilhn a number 
of procedures for reaction prevention 
were detailed by Stokes and Beer- 
man^''^®®'’’ and by Stokes, Beerman and 
Ingraham^"®. Among the substances 
mentioned were sugars, calcium salts, 
degradation products of protein includ- 
ing the amino acids and odier materials 
for admixture with die arsphenamine 
solution. No conclusion had been 
reached as to their actual merit. Vita- 
min C has been studied particularly; 
we (Beerman, Pariser and Wammock^®) 
believe that derivative of this vitamin 
may have merit at least in the less 
severe cases. Sodium thiosulfate is no 
longer considered potent and clinical 
sypliilologists have discarded it in die 
past 10 years. Liver extract has also 
enjoyed a certain amount of more or 
less deserved popularity not only for 
reactions to the arsenicals but for 
reactions to other preparations such as 
die sulfonamides. PelneH®® believes 
that the action of whole liver extract 
in ameliorating die toxic effects of 
sulfonamides and diethylsilbesterol is 
through its high content of ascorbic 
acid. Nicotinamide, Vitamin K, th}Toid 
extract and certain hygienic measures 
have also been employed. 

“BAL.” Despite die advances made 
in controlling arsenical reactions, die 
therapeutic and preventive armamen- 
tarium was at best only partially effec- 
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tive. As a by-product of successful 
intensive search for a substance that 
would serv'e as an antidote to the 
arsenical gases, it was found tliat 2, 
3 -dimercaptopropanol (BAL; British 
anti-Lewisite), discovered by Peters 
and his British co-workers^'*^ in 1945, 
was also effective in tlie tlierapy of 
certain metal intoxications. The litera- 
ture on this remarkable substance has 
grown to large proportions since 
security regulations regarding it were 
removed. The July 1946 issue of the 
Journal of Clinical Investigation was 
devoted entirely to various studies on 
BAL. Randall and Seeler^'*® in 1948 
compiled all the published material 
available to the time of tlieir review. 
Since these sources are readily avail- 
able we shall mention only those facts 
pertinent to the question of prevention 
and treatment of drug reactions. Al- 
though BAL has afforded some addi- 
tional ideas as to the mechanism of 
heav)' metal action, it has not clarified 
the modus operand! of drug eruptions. 
Furthermore, BAL is not entirely 
innocuous either from the local or the 
sensitization standpoints. In specific 
poisoning by metals, BAL has been 
found effective or of suggestive value 
in those caused by arsenic, mercury, 
gold, lead, cadmium, siI^'er and certain 
miscellaneous metals: antimony, tel- 
lurium, copper, chromium, nickel, 
zinc, thallium, selenium and vanadium. 
Further study is necessary to determine 
the precise value of BAL in the case of 
many of the latter elements. Since BAL 
may increase the toxicity of certain 
metals, it should not be used indis- 
criminately. BAL is commercially avail- 
able in a preparation containing pea- 
nut oil and benzyl benzoate which is 
suitable for intramuscular injection 
only. 

In the eruptions due to arsenic, espe- 
cially the organic arsenicals ( arsphena- 
mines, arsenoxides), BAL has proven 
itself to be of exceptional value both 


in essential recovery as well as relief 
of symptoms. In severe cases, edema, 
fever and pruritus disappear or 
greatly decrease in 24 hours and com- 
plete recovery takes place within 2 
weeks. However, some patients respond 
only partially and require additional 
courses of BAL. Some cases may com- 
pletely fail to respond. Development 
of abscesses at tlie sites of injection 
are fairly frequent. Although others 
have demonstrated the efficacy of BAL 
in other complications of arsenother- 
apy, we cite as a typical e.xperience 
the results of Carleton, Peters and 
Tliompson’’-. They used BAL in 44 
cases of arsenical dermatitis; 41 of 
tliese patients had the acute exfoliative 
ty'pe. Three cases ended fatally and in 
4 more it was impossible to measure 
the progress numerically. In the re- 
maining 37 cases the mean number of 
days between the first injection of BAL 
and healing or nearly complete healing 
was 21.5 days. Eight cases developed 
abscesses at the site of iniection. 

It was hoped that the antihistaminic 
drugs would be effective against drug 
reactions of the skin, but not only are 
they of limited value, but as previousl)' 
stated, dermatitis may occur as a result 
of tlieir administration. 

Since Wile and otliers^®®’'®® used 
sodium chloride in die dierapy of 
iodide or bromide eruptions several 
other procedures have been proposed 
in the treatment of these eruptions. 
Wohl and Robertson-®^ found the 
desoxj'-corticosterone acetate in con- 
junction with sodium chloride was 
effective in bromide into.xication (non- 
cutaneous). Bondurant and Campbell"^ 
had previously found that adrenal cor- 
tex when given in combination udth 
sodium chloride was apparentiy of 
value in the excretion of bromide and 
bromide effects. They presumed that 
the adrenal cortex restores the normal 
physiologic level of chloride. 
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Martin, Fisher and Thompson^^® 
found tliat tlie acute toxicities of sul- 
fanilamide, sulfathiozole and sulfapyri- 
dine were markedly reduced (without 
diminution of therapeutic effect) by 
the prophylactic use of physiologic 
detoxifying agents such as cysteine, 
amino-acetic acid, calcium glucuronate 
and ascorbic acid. McGinty and his 


co-workers^“^ found that nicotinic acid 
also relieved sulfanilamide reactions. 
This was adwsed on the basis of the 
similarity of certain aspects of sul- 
fanilamide reactions to pellagra and 
radiation sickness. They began b'eat- 
ment with 50 mg. 3 times a day on 
the 4th day of sulfonamide adminis- 
tration. 
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Although it has been variously esti- 
mated that otitis externa constitutes 
from 5 to 40% of all cases encountered 
in otologic practice in the United 
States®— the wde variation being due 
to sectional differences in temperature 
and humidity— renewed interest in in- 
fection of the external auditory canal 
is essentially a by-product of the war 
years. This situation is the result of 
the high incidence and widespread 
dish'ibution of otitis externa among 
military personnel in humid tropical 
and subtropical regions. By virtue of 
its exposed position to the outside 
world, the external auditor}'^ canal is 
open to invasion by numerous micro- 
organisms; here a moist milieu contain- 
ing cellular detritus and cerumen often 
serves as an adequate culture medium 
for the growtlr of bacteria and fungi. 
While the causative agent of otitis ex- 
terna can be any one of a variety of 
bacteria and fungi, it is quite probable 
that the role of the latter, whether as 
primary or secondary agents of infec- 
tion, has been exaggerated. 

Physiology and Bacteriology. The 
normal human skin harbors an 
enormous number of bacteria, which 
ordinarily are harmless. According to 
Price^-, these may be diwded into a 
resident and a transient population, 
the former usually remaining fairly 
stable. However, some influences, par- 
ticularly heat and moisture, cause con- 


siderable changes in the number of 
bacteria found on normal skin. Some- 
times pathogenic bacteria suddenly be- 
come members of the resident flora 
of die skin; tliey may then be ex- 
tremely persistent and difficult to dis- 
lodge. Once a foothold is gained in 
skin already diseased, bacteria are 
responsible, in greater or less degree, 
for many diseases affecting the human 
skin. 

In the opinion expressed by Pills- 
bury^h the problem of the manage- 
ment of bacterial infection of tlie skin 
cannot be dismissed simply by a dis- 
cussion of the diseases produced, the 
bacteria concerned and tlie disad- 
vantages of the various antibacterial 
agents now available, especially since 
these agents still have certain definite 
shortcomings. The management of the 
more difficult and more resistant 
cutaneous infections can be improved 
by a better understanding of the man- 
ner in which tlie skin resists and har- 
bors bacteria and of some of tlie mech- 
anisms by which bacteria produce 
harmful effects. Several factors ap- 
parently play a role in the remark- 
able protection afforded by die normal 
human skin against bacterial invasion. 
These factors, however, are imperfectly 
understood, and further basic studv is 
necessaiyL 

A factor of considerable importance 
is the pH of the skin. The surface of 
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the skin is enveloped by an “acid 
mantle,” which exhibits pronounced 
defense against bacteria) invasion. 
Determinations of the pH of the skin 
b)' a number of in\'estigators reveal 
the following: 1, The seborrheic areas 
of the body are more alkaline than 
other parts of the skin’s surface*'; 2, 
the alkaline areas are less bactericidal 
than the rest of tlie skin, thus being 
predisposed to cutaneous infection; 3, 
in most cases of \'esicular eczema there 
is a shift of the pH of the skin toward 
the alkaline side; 4, the highest degree 
of alkalinity' is present in fissures asso- 
ciated with eczematous processes-; 
and, 5, moisture, maceration, dead 
homy tissue and relative alkalinity are 
4 favorite conditions for the propa- 
gation of many' forms of fungi. It has 
been asserted-^: “The logical conclu- 
sion in managing many skin diseases 
is not to ‘alkalinize’ but rather to 
‘acidify’— at least as regards the skin’s 
surface.” 

Measurement of the pH of the 
cutaneous surface of the external 
auditory canal was undertaken by' 
Fabricant and Perlstein^ in a series 
of 131 subjects (27 infants, 44 chil- 
dren and 60 adults) with no apparent 
lesions in their external auditorv' 
canals and either with no visible 
cerumen or witli minimal amounts. A 
specially adapted glass electrode was 
emnloyed in conjunction with the 
Coleman electrometer. In the group of 
adult male subjects, the pH range of 
the skin of the external auditory canal 
was found to be from 5.0 to 7.8, while 
in the grout> of adult females, the dH 
range was found to be from 5.0 to 7.6. 

In the group of male infants, the 
dH range was determined to be from 
5.6 to 7.6. In die group of female 
infants the pH ranged from 5.2 to 7.4. 
Male children, on the other hand, had 
a dH range from 6.0 to 7.9, whereas 
female children had a range in nH 
from 5.7 to 7.9. In general, there 


was little difference in the pH 
range of male and female infants. The 
pH values fell chiefly within the acid 
range. Among children the tendency 
for acid pH values was not nearly as 
distinct as for other groups. 

According to Hay'es and Hall', 
otogenic infections in the temperate 
zone are essentially of 2 ty'pes: a wnn- 
ter ty'pe due to gram-positive organ- 
isms, and a summer ty'pe due to gram- 
negative organisms. The primary' 
infectii'e agents in the latter group are 
Pseudomonas aeruginosa, (B. pyoc)'- 
aneus), although in external otitis the 
infection is often mixed, with both 
grampositive and gramnegatii'e organ- 
isms present. With die recent advance 
in chemodierapy and the use of anti- 
biotics, otologists can demonstrate how 
they can eliminate the grampositive 
organisms and yet have the gramnega- 
tive ones flourish, their I’imlence un- 
abated. 

A study' of SyvertoiP*’. and his asso- 
ciates reveals that the microbiologic 
flora of die external auditory' canal in 
otitis externa, which in most cases is 
mixed, differs from the flora of the 
normal e.xtemal auditory' canal in the 
same clime bv the inclusion of one or 
more pathogens. The causative agent 
of otitis externa can be anv one of .a 
variety' of bacteria and fungi. Among 
these are Ps. aeruginosa, K. ozaenae. 
Staph, aureus haemolyticus, Aspergil- 
lus, and probablv Moiiilia tropicalis. 
Actinomyces and Proteus. The role of 
fungi undoubtedly' has been overem- 
phasized in otitis externa, whether as 
primary or secondars' agents of infec- 
tion. Simon^” found that in a series 
of 90 patients iHth otitis externa in a 
tropical climate there were only' 21!? 
in whom cultures yielded a fungus. In 
each one of the 90 cases it was pos- 
sible to obtain a bacterial grov'th on 
culture, and it was believed that bac- 
teria are the primary' invaders in otitis 
externa. 
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Otitis Externa. The management of 
otitis externa sthl remains a compli- 
cated matter, first coming frequently 
to tlie attention of tlie dermatologist, 
then later to the otologist. The numer- 
ous tlierapeutic regimens are clear 
proof of tlie ineffectiveness of any sin- 
gle method of treatment. The intro- 
duction of a succession of new drugs 
has repeatedly seemed to solve tlie 
problem, but a painstaking study of 
various medicaments has invariably 
brought to light shortcomings which 
often counterbalanced any effective- 
ness these agents were tliought to pos- 
sess. Nevertlieless, a number of med- 
icaments occupy a useful place in tlie 
treatment of otitis externa, even tliough 
tliey do not promote consistent heal- 
ing. 

Dibromosalicylaldehyde has been 
described as being especially effective 
against gramnegative organisms, in- 
cluding pseudomonas, and also against 
fungi. In 71 patients \vith external otitis 
under Hayes’’ management, symptoms 
were relieved within 24 hours; in 30 
the infection resolved in 1 week or 
less, and the remainder required 2 to 
4 weeks’ treatment. Wells”® found die 
use of penicillin and glycerin ivicks 
(500 units of penicillin per cc. of 
glycerin) satisfactory in relieving 60 
individuals wdth acute otitis externa. 
Relief came on gradually and occurred 
within 24 hours in most instances. 
Senturia^®^ employed peniciUin solu- 
tions and penicillin-sulfonamide mix- 
tures in the treatment of 32 patients 
wridi otitis externa. PeniciUin solution 
applied topically provided unsatisfac- 
tor)f dierapeutic results in 10 of 11 
cases diagnosed as acute diffuse, 
chronic eczematoid, or chronic des- 
quamative external otitis. Rapid sub- 
sidence of pain and ceUulitis and for- 
mation of well-localized abscesses oc- 
curred vrithin 24 to 48 hours in 6 cases 
of circumscribed external otitis treated 
watii intramuscular injections of pen- 


icillin. IVhile serving in die armed 
forces in India, Spence^® treated a 
number of infected external auditory 
canals wth 5% sulfanilamide ointment 
and found that pain generaUy sub- 
sided after the first treatment. Itcliing 
and all signs of irritation disappeared 
in nearly all patients w4ien daily treat- 
ment was continued for a period of 7 
to 12 days. Some patients required 3 
to 4 Nveeks of dierapy. 

Pulaski and Matthews^® declare diat 
5 patients witii chronic otitis externa, 
due to susceptible organisms refractory 
to odier agents, responded favorably 
to topical application of streptomycin, 
5000 units per cc. On die basis of 
nearly 1000 cases of otitis externa ob- 
served in the arm)% BirrelP makes a 
number of recommendations. After 
thorough cleansing die meatus of all 
discharge, lotions are applied on wricks 
of ribbon gauze or painted on by 
means of wool-tipped wire probes. In 
acute edematous conditions he prefers 
10% ichdiammol in h)q)ertonic sodium 
chloride solution, and 10% ichdiammol 
in glycerin after 48 hours of treat- 
ment until diere is no furdier exuda- 
tion. At diis point, 1% silver nitrate 
solution or an alcoholic (1%) solution 
of gentian violet (medicinal) should 
be used to harden the meatal skin. 
Goldstein® offers an original treatment 
for otitis externa. A solution is made by 
dissolving 1 chlorazene (chloramine, 
U.S.P. ) tablet in 1 ounce of tepid 
water. The otologist flushes the audi- 
tor}'^ canal wridi this preparation on 
alternate days until die ear is dry. 
When this is achieved the canal is 
swabbed wddi metacresylacetate (cres- 
ati'n) to wdiich is added diymol in a 
concentrab'on of 1%. 

Furacin solution (5-nitro-2-furalde- 
hyde semi-carbazone) has been re- 
ported by Anderson and Steele^ to be 
effective against most of the organ- 
isms diat are prominent in otitis ex- 
terna. The fungicide employed w^as a 
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1% solution of thymol in metacresylace- 
tate. Of tlie cases treated, 84.1% re- 
quired no more than 3 visits before 
clinical well-being was established. 
The remaining patients responded 
somewhat more slowly, albeit tliey 
improved more rapidly than patients 
treated \vitla odier medicaments. 
McLaurin^® describes his experiences 
with “Sulfamylon”, a substance derived 
from benzylamine and differing from 
sulfanilamide in tliat a methylene 
group is inserted between the benzene 
ring and the 4-amino group. The prep- 
aration was found effective in a large 
number of patients with otitis externa 
and chronic otitis media. Reardon^"* 
maintains that “Iso-Par” ointment, 
which contains benzylamine salts of 
isoparaffinic acids, proved a specific 
medicament for otitis externa. It was 
found effective as fungicide, bacteri- 
cide, anesthetic and stimulant to rapid 
healing. 

Otomycosis. In 1844 Mayer first 
described a disease of the external 
auditory canal caused by a fungus 
known as otomycosis. Since then there 
have been many case reports describ- 
ing symptoms and signs which are 
exceedingly diverse; the methods of 
treatment suggested are as numerous 
as the fungi isolated. It is believed 
bv Wolf-- that a factor of consid- 
erable importance in explaining the 
chaotic state of knowledge with 
respect to otomycosis is tlie failure to 
recognize that the disease is not an 
entity but rather a combination of dif- 
ferent diseases caused by rudely 
diverse organisms. In this connection, 
fungi are seldom isolated from the 
external auditory canal in pure culture 
but are frequently accompanied by 
bacteria. There is no certainty as to 
whether fungi are primary or second- 
ary invaders. Furthermore, the fungi 
commonly isolated from infected audi- 
torv canals are, with few exceptions, 
not types whose pathogenicity is defi- 


nitely established. They are, for the 
most part, common organisms of the 
soil able to lead a saprophytic existence 
outside tlie body and can be isolated 
readily from dust or air. At least 53 
different species of fungi have been 
reported to cause otomycosis. These 
belong to tlie Aspergillaceae, Muco- 
raceae, Actinomycetaceae, dermato- 
phytes, yeast-like fungi, and a large 
variety of miscellaneous fungi imper- 
fectae. The Aspergilli reputedly ac- 
count for about 90% of the reported 
cases. 

Otomycosis is of limited geographic 
occurrence, most frequent in riopical 
and subtropical climates. In the United 
States the reported incidence is great- 
est in Florida. Age, sex and race exert 
no significant influence. Water in the 
external auditory canals favors the 
growth and multiplication of fungi. 
Sharp and his associates^® assert that 
the fungi associated with otomycosis 
ordinarily are saprophytes, such as 
occur on the normal skin. Excessive 
proliferation in the external auditoty 
canal leads to a plug of thick, pulp- 
like exudate consisting largely of exfoli- 
ated epithelium and fungus mycelium. 
The external auditory canal does not 
favor fungus multiplication when it is 
normal, but only when its cutaneous 
physiolog)'^ is altered. 

Senturia and WolP®'’ report in vitro 
experiments testing the action of sul- 
fonamides on fungi isolated from cases 
of otomycosis. Ten strains of fungi 
were studied; 4 isolated from the audi- 
tory canals of patient with symptoms 
of otomycosis, and 6 from sources other 
than the ear but known to be capable 
of causing otomycosis. The effect of 
various sulfonamides was determined 
by sprinkling these agents in powder 
form onto the surface of agar plates 
immediately after inoculation. Of the 
sulfonamides tested— sulfathiazole, sul- 
fadiazine, snlfaguanadine and sulfa- 
merazine— only sulfanilamide was effec- 
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tive in inhibiting growih of the fungi 
under study. The experiments sug- 
gested that application of powdered 
sulfanilamide should be helpful in oto- 
mycosis unless tlie disease is caused by 
monila. 

In the pre-sulfonamide-antibiodc era, 
McBurney and Searcy^ made a study of 
the most eflFective solutions against 
aspergiUi. Numerous substances were 
tried, the most effective being a tliy- 
mol-cresatin-alcohol solution. Gresatin 
alone, thymol in alcohol, and tincture 


of mertliiolate were slightly less effec- 
tive, and 1 % salicylic acid in 95% alcohol 
was considerably less efficient. Their 
tlierapy included cleansing the external 
auditor}’^ canal thoroughly of debris, if 
necessar)'^ with hydrogen peroxide, and 
followed by mopping witli a cotton 
applicator dipped in olive oil. A 2% 
solution of th)TrnoI in cresatin is tlien 
applied with a cotton swab. If there 
is considerable inflammation, drops of 
th}Tnol, cresatin and olive oil solution 
may be used. 
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The Epitome of Andreas Vesalius. Trans- 
lated from the Latin by L. R. Lind, Pli.D., 
Univ. of Kansas. With Anatomical Notes by 
C. W. Asling, M.D., Ph.D., Univ. of Cali- 
fornia. Foreword by die Late Logan Clen- 
DENiNG, M.D. Pp. 103; 20 ills. New York: 
Macmillan, 1949. Price, $7.50. 

Few would contest die view that Vesalius’ 
Fabrica (1543) and Han'ey’s Dc Motu 
Cordis (1628) were the immortal works that 
initiated modem medicine— De Motu the jun- 
ior by almost a century. Who, tlien, has not 
wondered why, in contrast to die many 
English translations of Han'ey, none of die 
Fabrica or of Vesalius’ condensation, the 
Epitome, made in the same year, had ever 
been published? Even the short Epitome has 
hitherto been available to non-Ladnists only 
in a 1543 Gemian and a unique Dutch trans- 
lation of 1569, and only a few more dian 20 
copies of the Latin edition are in e.xislence. 
But what a change have we seen in Vesaliana 
in the past decade! First, in 1943, Hari’ey 
Cushing’s sumptuous Bio-Bibliography, and 
now, after more than 4 centuries, comes the 
first English translation of die Epitome and 
also the news diat the lengthy Fabrica is 
being translated by Professor J. B. deC. 
Saunders, a leading authority on ^'esalius and 
16th century anatomical terminology. 

Professor Lind’s translation is a highly 
suecessful effort— liberally rendered, but ac- 
curate and aided by the use of modern 
phraseology— to produce a very readable te.\t. 
Each of its 6 chapters is followed by a 
General Interpretation and Anatomical Notes 
by C. W. Asling that further facilitate under- 
standing of the te.xt. The 10 facsimile pages 
of the Latin text and 11 of the annotated 
woodcuts which complete die volume con- 
stitute an especially valuable addition to 
one’s library in view of die great raritj' of 
the original. Congratulations are in order to 
all who contributed to this model translation 
of a classic, not only for the intrinsic value 
and timeliness of the work but also for its 
attractive typography and general format. 

E.K. 


The Neiv York Academy of Medicine, Its 
First Hundred Years. By Philip Van 
Ingen. Pp. 573; 46 ills. New York: Colum- 
bia Univ. Press, 1949. Price, $10.00. 
Without any question or doubt, this his- 
(482) 


lory, completed in die Academy’s centennial 
year, uill stand as die authoritative record of 
a famous institution whose influence extends 
far beyond its native city. Dr. Van Ingen has 
e.xtricated from a large mass of often dis- 
connected material all the events which have 
contributed to die Academy’s growdi and has 
set diem down, year by year, in a largely 
disconnected detail. Little could have es- 
caped Ins meticulous care. As a source of 
information, the book’s value is permanent; 
we doubt, however, if it will attract many 
readers. To them we suggest diat a start be 
made with the first few pages and the last 
chapter of comparisons and prospects, and 
then, if still interested, that they select special 
topics from the copious index. E. K. 

NEW BOOKS 

Trends in Medical Education. Edited by 
Mahlon Ashford, M.D. The New York 
Academy of Medicine, Institute on Medical 
Education, 1947. Pp. 330. New York: Com- 
monwealdi Fund, 1949. Price, $3.00. 

Tire 6 chapters represent the 6 conferences held 
at an “Institute** conducted in connection with 
the centenar>' observance of the Academy. They 
present sound individual ^'ie^vs on a subject of 
obvious importance to the nation's health. 

Economic and Social Council Commission on 
Narcotic Drugs. By United Nations, 1948. 
Summary of Annual Reports of Govern- 
ments for 1946. Pp. 112. New York: Co- 
lumbia Univ. Press, 1949. Price, $1.00. 

^ NEW EDITIONS 

'clinical Chemistry in Practical Medicine. By 
C. P. Stewart, Ph.D. (Edin.) and D. M. 
Dunlop, M.D., Christison Prof, of Thera- 
peutics and Clinical Medicine, Univ. of 
Edinburgh. 3d ed. Pp. 324. Balt.: Williams 
& Wilkins, 1949. Price, $5.00. 

Geriatric Medicine. Edited by Edward J. 
Stteglitz, M.D., Attending Internist, Su- 
burban Hospital, Bethesda, Md. 2d ed. 
Pp. 773; 180 figs. Phila.: W. B. Saunders, 
1949. Price, $12.00. 

Tiie greatly increased interest in geriatrics in 
the b* years since the appeaiance of the 1st edition 
naturally called for extensive revision and addition 
of new material. The 47 contributors have suc- 
cessfully maintained this work in its leading 
position. 
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BLOOD TEMPERATURE AND ITS CONTROL* 

By H. C. Bazett, M.D. 

PHILADELPHIA, PENNSYLVANIA 

(From the Department of Physiology, Medical School, University of Pennsylvania) 


Blood temperature is a term often 
used loosely, in which blood temper- 
ature is confused with body temper- 
ature. Blood temperature is usually 
thought to be regulated at some con- 
stant level. It is in no way constant. 

^ It shows great fluctuations from time 
to time and from place to place, and 
controlled fluctuations in peripheral 
vessels are utilized to regulate the 
temperature in the central vessels at a 
more or less constant level. The blood 
acts as a common carrier of heat from 
one area to another, a fimction which 
is incompatible with a constant thermal 
load. The regulation of this circulator}^ 
function appears to depend on afleast 
3 mechanisms: the direct reaction of 
blood vessels to temperature levels; 
reflex responses to thermal sensations; 
and the reactions of two reciprocal 
centers in the hypotlialmus to the tem- 
perature levels to which tliey are 
exposed, through which the tempera- 
ture of die blood supplying diem is 
regulated. Malfunction of die whole 
mechanism is commonly attributed to 
simple failure of these higher centers; 
such a limited point of view is apt to 


be inaccurate, and should not be adop- 
ted even tentatively. 

The inconstancy of blood tempera- 
ture, and its function as a regulating, 
rather dian a regulated, factor, has 
been known since die days of Claude 
Bernard, who himself described it. 
However, die magnitude of these vari- 
ations generally has not been recog- 
nized. Modem catiieterization, with the 
use of non-wetting plastics, allows 
thermocouples to be left in place for 
hours, so diat much more definite 
information has become available. Fig- 
ure 1 illustrates such a thermocouple 
encased in a plastic tube of less than 
0.5 mm. diameter and inserted 4.5 cm. 
up die brachial artery. It is quite easy 
to insert such catheters for 20 cm. or 
more and to reach the abdominal aorta 
or vena cava from the femoral region, 
or to travel along odier similar vessels. 

The variabilit}'’ of the venous temper- 
ature has been generally accepted, as 
has that of capillar)'- blood. It is incon- 
ceii^able that large temperature differ- 
ences could exist between die blood in 
such vessels and die tissues, separated 
as the}^ are by such thin membranes. 


® The fourteenth Hughlings Jackson lectoe delivered at the Montreal Neurological Institute, 
McGill Universit)', Montreal, on May 13, 1949, renewing recent work supported by a Life 
Insurance Medical Research Fund Grant. 
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On the other hand, arterial temper- 
ature, with blood flowing rapidly to 
the periphery, is usually supposed to be 
relatively constant. Actual measure- 
ments® show such a conclusion to be 
quite erroneous except in a very warm 
environment. Thus temperatures have 
been obseiA'ed as low as 21.5° C in 
the radial artery in a room at 9° to 
10.5° C, 25.1° in the dorsalis pedis 
in a room at 20°, and 31.1° in tlie 
brachial artery in a room at 13.3°. In 
the last case the low temperature was 
due in part to immersion of the limb 


warmed. The close association of veins 
with peripheral arteries explains these 
anomalies, since the heat lost by the 
arteries should reheat the cooled blood 
in the veins. The falling gradients of 
temperature in the arteries are matched 
by rising gradients in the returning 
venous blood. Light compression of 
these veins below a point of measure- 
ment of arterial temperature interferes 
with tlieir cooling effect on the artery 
above it and can cause a marked rise 
of arterial temperature. The exchange 
of b.eat behveen artery and vein has 



Fig. 1. Roentgenogram of plastic covered tlrermocouple introduced into the brachial artery. 


distal to the point of measiuement for 
short periods in cold water. That the 
environmental temperature affects the 
thermal gradients between the brachial 
and radial arteries, as well as their 
levels, is shown in Figure 2. This fig- 
ure also indicates that arterial tem- 
peratures may be modified very readily 
by exposure of the limb to local cool- 
ing (or warming) considerably distal 
to the point of measurement. 

Cooling of blood flowing in an 
artery of the degree indicated implies 
a large exchange of heat, yet surfaces 
of overlying arteries are not detectably 


also been demonstrated in animal ex- 
periments by Dr, Leon Eisenberg^* by 
the perfusion of cool saline into a vein. 
No extensive proof of this heat ex- 
change is needed, since the kno\vn ana- 
tomical relationships of peripheral 
arteries with venae comites renders the 
existence of such exchange inevitable. 
Indeed this exchange appears to be the 
main function of the arrangement. It 
is surprising that its importance was 
not recognized earlier on mere theo- 
retical grounds. 

Other evidence of the large heat 
exchange exists. In a cool environment 
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the thermal gradient across the thin 
arterial wall is of the order of 1 to 2° C, 
which in itself indicates a large heat 
flow, since the insulation must be low. 
Also under conditions of rapid cooling 
particularly in readjustments to new 
conditions, large pulsatile changes in 
temperature within the arteries often 
may be seen, indicating that the system 
is reacting as a natural “thermostro- 
muhr”. Pressure pulsations cause pul- 
satile changes in blood flow and tliese 
in turn pulse-like changes in arterial 
temperature. 

Examples of such pulsatile changes 
are shown in Figure 3. In the topmost 
record there was only a small thermal 
gradient between the brachial and 
radial (see graph for room conditions 
at 22° C of Figure 2), though a steeper 
gradient appeared to exist more distally 


along the radial artery. Only slight 
“pulsations” in temperature are visible 
in the radial, while in the brachial 
only those accompanying extra systoles 
were readily detected. Three hours 
later the middle record was obtained 
when the arm had been recovering for 
5 minutes after a 10 minute immersion 
of the hand alone (below botli couples) 
in water at 2° C. At the signal on this 
record the hand and lower forearm 
were immersed in water at 2° C. The 
earlier cooling and rewarming had 
exaggerated the tliermal gradients 
along the vessel and had increased pul- 
sations. The second cooling tempo- 
rarily decreased the pulsatile changes 
in the radial and caused a rise in bra- 
chial temperature, as vasoconstriction 
reduced the venous return. At the end 
of 5 minutes just before the signal in 



Fig. 2. Thermal gradients observ'ed in a single subject between the bracliial and radial 
arteries at different room temperatures (as indicated.) Values obtained in room temperatures 
of 33.9° and 22° C, which are connected TOtli dotted lines, were obtained when the distal 
part of the limb had been cooled by immersion in cold water. In the former case this im- 
mersion was as stated previously and published® (E.vp. 11 of that series), while that at 22° 
was as stated for records reproduced in Fig. 3. In both cases all or most of the cooling was 
applied distal to the tliermocouples. 

In the e.vperiment in the room at 22° C, another couple had been inserted in the radial arterj* 
on the back of the hand close to the origin of the artery to the thumb. The temperature 
gradient in the 4 to 6 cm. length between the two couples in the radial appeared to be of 

the order of 4°. 
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the lowermost record, both radial and 
brachial temperatures had fallen, and 
the pulsations in the radial had re- 
gained their size, as the greater cooling 
of venous blood compensated for the 
slower rate of flow. The gradient shown 
in Figure 2 as occurring after cooling 
in a room at 22° is that recorded here. 
After the signal when the hand and 
forearm were immersed in water at 
18° C, the increase in temperature pro- 
duced a sensation of warmth witli vaso- 


dilatation (in spite of its low level) and 
tlie temporary rapid flow of very cold 
venous blood associated with a rapidly 
inflowing arterial stream gave greatly 
exaggerated pulsations. 

Gravity can induce similar effects, 
as is illustrated by Fig. 4. An indi- 
vidual, who was somewhat cool and 
was lying in a semi-inclined position, 
held his arm horizontal at shoulder 
level, and then lowered it to his side at 
the time indicated by tlie signal. There 
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Fig. 3. Records of radial and brachial arterial temperatures measured in a room at 22° C 
(72° F. ) after e.\posure for 3 hours. The left upper record represents conditions after some 
earlier moderate cooling of the hand ( distal to the couples ) in water. The right upper record was 
obtained after the hand had been immersed for 10 minutes in water at 2° C and had been 
allowed to rewarm in air for 5 minutes. At tlie signal tlie hand, and on tliis occasion also the 
forearm, were immersed in water at 2° for 5 minutes. The whole section reproduced before 
and after immersion represents 100 secs., which indicates tlie time scale for aU these records. 
The lowest record shows tlie end of tliis 5 minute immersion, which was followed at the 
time of the signal by transfer to water at 18° C. 
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Fig. 4. The effect of lowering the arm from shoulder level to tlie side in a subject lying 
in a semi-inclined position, nude, in a warm room at 28.3° C (83° F), after he had been 
cooled in a stirred water bath at 33.2° C (90° F) previously for 35 minutes. The arm 
investigated was held supported throughout in air outside the bath. 
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resulted increases in temperature in 
both brachial and radial arteries, while 
the pulsatile changes in temperature 
originally visible in the brachial artery 
were reduced and those of the radial 
increased. Gravity effects presumably 
temporarily slowed venous flow in the 
veins adjacent to the brachial, so that 
heat exchange in tliis area was reduced. 
On the odier hand, the resulting 
engorgement of the more peripheral 
veins exaggerated cooling of the blood 
in tire radial. The exchange of heat 
between die arteries and veins was 
shifted to a more peripheral position. 
Yet the considerable thermal changes 
were not accompanied by any con- 
scious sensation of temperature. 

The changes described depend on cir- 
culatory adjustments through which cool 
blood returning in venae comites causes 
precooling of entering aiierial blood. 
This allows an internal exchange of 
heat with supply of oxygen to the 
peripheral tissues and economy of heat 
loss. Attainment of a steady state seems 
compatible with considerable thermal 
gradients along the arteries, as well 
as along the axes of the limbs. On the 
other hand under such conditions 
gradients betw^een the vessels and tis- 
sues are probably relatively small. 
Thus in warm rooms averaging some 
26° C (79° F) Pennes-^ found brachial 
temperatures averaging 0.96° C below 
those of the rectum, while die deep 
tissues of the forearm had tempera- 
tures only 0.16° below diat of die bra- 
chial. The longitudinal gradient in 
aggregate was considerable, the trans- 
i^erse reladvel)'^ slight. 

A mechanism through which pre- 
cooling of arterial blood is brought 
about should be a considerable disad- 
vantage in a warm eniironment. In 
such an environment it appears actually 
to be absent, for the temperatures 
observed on die surfaces of die tips 
of die fingers or toes may exceed those 
observed on more central surfaces^®. 


The return of venous blood dirough 
superficial veins, far removed from die 
arteries, which is so well recognized, 
would explain diis adjustment, though 
diis might be more effective if dilata- 
tion of superficial veins was associated 
with reciprocal constriction of die 
deeper channels. Reports have been 
made of experimental evidence of such 
reciprocal vascular reactions, possibly 
involving veins, present as a peripheral 
mechanism, even in die absence of all 
true reflexes. Such a type of control is 
surprising. 

Direct Reactions of Vessels. J. R. 
Pappenheimer et al.-^ have described 
constriction of superficial cutaneous 
vessels and a reciprocal dilation of 
deep vessels when excised limbs are 
perfused with cooled blood. The con- 
dition is reversed when the blood is 
warmed. Also Perkins et al.~- have 
demonstrated vasoconstrictor responses 
in the skin of dogs in areas which have 
been sympathectomized or denervated, 
if the skin surface falls below 22° C. 
In diese cases the vasoconstriction ap- 
pears to be due to direct effects on the 
vessels, rather dian on axone reflexes. 
In all probability similar responses can 
develop in normal innervated skin in 
man, even though they are not always 
obvious. Thus exposure of hands to 
extreme cold has been repeatedly 
described as giving rise to severe pain, 
starting at a critical level of skin tem- 
perature of about 10° C, as in e.xperi- 
ments testing gloves during the war 
period. The same temperature is re- 
garded as a critical one by Aschoffs in 
experiments with hand baths, as vaso- 
dilator reactions commonh' develop at 
temperatures below this le\’el. This is 
also considered by Ungley-" as a criti- 
cal level for the development of immer- 
sion foot. In our experiments® pain has 
developed at or about these levels and 
tliis pain has often been preceded by an 
abrupt fall of temperature, suggesting 
vascular spasm. Dilator reactions often 
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have followed the pain, and have 
appeared to be inflammatory in char- 
acter and of the axone reflex t)'pe 
described by Lewis^^. In such reactions 
tlie temperature of a surface exposed to 
cold may be increased through 10° to 
15° C in as many minutes. It seems 
improbable that this could happen, 
unless the venous return is directed up 
superficial veins (and away from the 
venae comites) also under such con- 
ditions. 

Reflex responses to thermal sensa- 
tions provide tlie mechanisms through 
which rapid reactions to sudden 
changes are attained. The existence of 
reflex x'asoconstriction to cold is fullv 
established. The reaction is relatively 
simple in that superficial vasoconstric- 
tion allows surface temperatures to fall, 
and thermal conductance is reduced. In 
consequence central temperatures in 
the tnmk, and in tlie large arteries 
leaving the trunk, rise, as cooling bv 
returning venous blood is reduced. 
Cooling effects are observed rapidly, 
and extend to peripheral areas not 
exposed to the cooling even if the 
blood supply of the cooled area has 
been occluded-®. 

Reflex responses to warmth are less 
definite and their existence has been 
denied®®. Effects on distant areas are 
delayed for minutes. Occlusion of the 
vessels of tlie warmed area is usually 
claimed®®, but not always^®, to prevent 
any such general effects. The e.xistence 
of reflex responses to ^''armth on the 
other hand has been claimed on the 
basis of vasodilatation accompanying a 
fall of rectal temperature^^. Such evi- 
dence is not reliable, for, as wall be 
seen later, rectal temperature is a poor 
index of hTOothalamic changes. The 
discordant statements depend on fail- 
ure to allow for the complexities im- 
posed by x'asodilatation. During such 
reactions in rewarming thermal con- 
ductance is increased and heat is dis- 
tributed more evenly through the body. 


so that some areas are warmed at the 
e.xpense of others. Rises in temperature 
are strictly local, and usually are seen 
first in the cooler more peripheral 
areas®'*. Not only is the outflow of warm 
arterial blood accelerated but also the 
return flow of cooled venous blood. 
Consequently, the temperature of the 
blood in any given artery may at first 
either rise or fall, or vasodilatation may 
be evidenced by increased pulsatile 
changes in temperature without an\' 
alteration in the mean level. The utili- 
zation of a background of cooled skin, 
on wd'vich the effects may be demon- 
strated, may have contributed to the 
apparent long delays, since reflex vaso- 
dilatation probably cannot readil\' 
overcome a spasm due to direct cool- 
ing of the vessel. 

The apparent prevention of general 
effects bv the mere occlusion of the 
\’essels of the w’armed area is not sur- 
prising, for warming is an active pro- 
cess, not a passive one as is cooling. If 
the inflow' of heat is prex'ented, an^' 
vasodilatation is apt to be ev'anescent. 
The increased thermal conductance 
speeds heat loss and the reaction 
therefore may be self-limiting. 

The e.xistence of reflex vasodilatation 
to w'armth can be readily demonstrated 
bv vascular temperatures, for an in- 
crease in arterial temperature in a 
properly chosen vessel may be demon- 
strated in a distant area w'ith a latenc\' 
of onlv 10 seconds, which entirely 
excludes anv direct effect of tempera- 
ture changes on the centers (unpub- 
lished data). The comple.xities are w'ell 
demonstrated bv the facts that rew'arm- 
ing of a hand after presa'ous pro- 
nounced cooling can cause dilatation 
which show's itself h'' a sudden pre- 
cipitous fall in brachial arterial tem- 
perature®. Similarly a rew'arming of a 
cooled hand ma)' cause a precipitous 
fall in temperature on the palmar sur- 
face®. Thus botli increases and de- 
creases in surface temperature may 
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indicate increased diermal conductance 
produced by vasodilatation, and tire 
areas most favorable for demonstrating 
the increases are not always easy to 
predict. 

Thermal sensations which give rise 
to vasoconstrictor or vasodilator re- 
flexes are not dependent on the tem- 
perature levels in the skin. The well 
kno\TO phenomena of adaptation ex- 
clude such an hypothesis. Nor can they 
be explained as due to the rate and 
direction of change. If an arm be im- 
mersed in water warm enough to main- 
tain die surface at a temperature sig- 
nificantly above tliat of arterial blood 
entering die arm, sensations of warmth 
continue indefinitely, even diough a 
steady state is maintained. On the 
other hand lowering the temperature of 
such a bath for instance from 40° to 
39° may give a temporar)^ absence of 
warmth'®. However, this sensation re- 
turns after die tissues just below the 
skin have had time to cool, and then 
again continues indefinitely. Thus die 
evidence indicates that the sensation 
arises as the result of the thermal 
gradients which are set up, and disap- 
pears as these are temporarily extin- 
guished. 

In Older to obtain experimental 
reversal of these gradients Dr. Mc- 
Glone and I many years ago investi- 
gated the thermal sensations generated 
in a double fold of prepuce where a 
recognizable thermal receptor could 
be stimulated from either side of 
the fold^''^. Normal sensations were 
generated from both sides, diough 
the intensities of the sensations 
and their latencies varied. A sim- 
ple gradient is inadequate to ex- 
plain tlie phenomena, and it seems 
probable that die special arrangement 
of the vessels in the dermis described 
by Spalteliolz-® is concerned, as indeed 
he surmised®®. Theories built on this 
basis hai^e been discussed earlier'. Here 
it is only necessarj’' to state that thermal 


gradients observed in relatively thick 
skin demonstrate that this anatomical 
arrangement does affect heat distribu- 
tion. It would appear that cold sensa- 
tions are caused by alterations in die 
gradients superficial to die arteriolar 
plexus, and warm sensations by tiiose 
just deep to it, where the deeper tis- 
sues are normally cooler than tliose 
more superficial. On such h)q)otheses 
the marked changes in arterial temper- 
ature that can occur in die larger and 
more central vessels should have little 
effect on the sensor}? mechanisms. This 
appears to be the case. 

There remains a possibility that deep 
receptors of temperature exist, even 
though diere is no obvious conscious 
sensation. If so, it is unlikely that recep- 
tors are situated in or near the vessels, 
for large exchanges of heat, such as 
those indicated in Figure 4, give no 
indication of having induced either 
sensations or reactions. In the prepuce 
sensor}? receptors for warmth can be 
identified as existing in the subcutan- 
eous as well as in dermal layers. Deen 
receptors might also occur in the sub- 
cutaneous tissues beneadi the thicker 
skin of odier parts of the body v'here 
probably diey would not be recogniz- 
able as sensitive spots. \^fliile cold is 
purely an exteroceptive sensation, 
warmdi can be either exteroceptive or 
iiroprioceptive, since heat may be gen- 
erated in muscles. Deeper receptors 
might be concerned with heat of such 
internal origin. E^•en here gradients in 
temoerature would probably act as the 
stimulus, since warming of deeper 
tissues bv focused micro-wai'e radi- 
ation does not induce sensations of 
warmth''*. 

Sensations of temoerature may be 
modified bv various factors. Thus dila- 
tation of the dermal vessels, however 
produced, not only modifies the thermal 
gradients in the skin, but also lowers 
the sensitiwb? to cold in spite of the 
raised surface temperature. Thus both 
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the threshold for stiinulation and the 
latency of sensation are increased^''*. 
These obser\'ations have been con- 
firmed and established firmly by 
Ebaugh and Thauer^^, who, however, 
were unable to confirm any facihtation 
of sensations of warmtli ascribed to 
vasodilatation on more slender evi- 
dence®. On the other hand vasodila- 
tation does not appear to increase the 
latency for warmth as it does for cold^. 
Vasodilatation may cause increased 
heat capacity, and more rapid thermal 
conduction; conditions are complex. 
Sensations are also modified by carbon 
dio-xide in a way which may be 
dependent on the vascular reactions. 
Thus water baths charged vath carbon 
dio.xide do not feel as cold as do nor- 
mal baths at the same temperature. 
Inspiration of carbon dioxide may also 
cause a wave of sensation of warmtli, 
which is attributed in consciousness to 
dermal tissues. Heat directly conducted 
to tlie subcutaneous tissues from die 
muscles either by veins or arteries may 
be responsible for sensations of warmth 
which accompany exercise. These are 
usually associated with the occurrence 
of sweating in die limbs during work, 
ei'en if the individual is exposed to an 
extremely cold environment. 

No emphasis need be placed here on 
the well recognized characteristics of 
spatial summation and adaptation that 
are found in thermal sensations. It 
should be noted, however, that adapta- 
tion in this case does not appear to be 
a property of the receptors, so much as 
one of the accessor}^ mechanisms of the 
stimulus. Thermal sensations fade when 
die thermal gradients are reduced, as 
the thermal clian£;es soread more 
deeplv. Tliev persist indefinitelv, if the 
circulation of blood at normal tempera- 
ture to a locall}" heated area maintains 
an adequate gradient. Adaptation is 
more pronounced with cold stimuli, 
since the slowed blood flow which 
accompanies vasoconstriction, is unable 


to maintain the thermal gradients. 
Thermal stimuli may, therefore, be 
compared with those of light. This 
causes adaptation in the eye by bleach- 
ing rhodopsin, thus also affecting an 
accessory rather than a receptor mech- 
anism. It would, however, be rash to 
generalize and apply such conclusions 
to odier receptors, for each receptor 
appears to be adjusted to its own func- 
tion and many different mechanisms 
may be utilized. 

Sensory receptors for temperature 
appear to be stimulated also by other 
forms of stimulus, for release of vascu- 
lar stasis may generate intense sensa- 
tions unassociated with measurable 
tliermal changes®. Possibly osmotic or 
chemical stimuli are involved. 

Regulation of hypothalamic tempera- 
ture by the blood stream appears to be 
attained by the adjustment of the tem- 
perature of tlie inflowung blood supply- 
ing these tissues. Several measure- 
ments of tlie temperature within the 
right internal jugular bulb have been 
made in man, and this temperature has 
usually been found some 0.2° above 
that simultaneously obsen^ed in ex- 
ternal iliac arteries. In wew of the high 
metabolism of the brain this is not sur- 
prising. In one ex'periment a thermo- 
couple was left in place for hours in 
tliis vessel, so that its temperature 
could be compared with those observed 
in the rectum, external iliac, femoral 
and dorsalis pedis arteries, and with 
that at the distal end of the inferior 
vena cava. The individual was inade- 
quately clothed below the waist, and 
was lying in a room at 20° C (68° F), 
so that cooling occurred, while the 
heat loss was mainly from the lower 
limbs. After several hours of such cool- 
ing the subject was rewaimed by im- 
mersion of both hands and forearms in 
hot water, so that rewarming depended 
on heat acceptance by the upper limbs. 

Comparison of the internal jugular 
temperature with that of the rectum 
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after about one hours exposure showed 
identical temperatures, probably due 
to a more rapid cooling of the jugular 
bulb. Later the rectal temperature 
always remained the lower, when the 
delay in its cooling had been overcome. 
The hypothalamic temperature vari- 
ations were of the same order of mag- 
nitude as those of tiie rectum but 
occurred much more abruptly, since 
they were less damped by large heat 
capacity efiFects. Owing to tliese differ- 
ences in the time characteristics, differ- 
ences as great as 1.4° G (2.5° F) were 
set up (in favor of the jugular bulb 
over the rectum) during warming, and 
reduced to 0.6° C (1.1° F) on recool- 
ing. The latter difference increased 
again to over 1° C as the cooling effects 
Approached more nearly to a steady 
state. The temperature of the jugular 
bulb, which probably reflects that of 
the hypothalamus, is therefore by no 
means steady but swings more readily 
and more rapidly than does that of the 
rectum. It may not be entirely pro- 
tected from local influences since 
drinking two cups of hot tea raised tlie 
temperature of tire jugular bulb by 
0.5° G in 5 minutes, while the tempera- 
ture m the external iliac artery, infe- 
rior vena cava and rectum were much 
less affected. Wliile tlie hypodialamic 
temperature may be regulated, it is by 
no means free of fluctuations. 

The regulation of fluctuations in 
temperature in peripheral vessels are 
such as to induce smaller changes in 
the temperatures of central vessels, 
such as would tend to return the hypo- 
thalamic temperature to its normal level. 
These temperatures in the larger arter- 
ies are similar to tliose found in the 
jugular bulb, tliough their levels are 
somewhat lower. Like the fluctuations 
of the jugular bulb, they occur more 
readily and more abruptly than do fluc- 
tuations in the rectum. The tempera- 
tures e.xisting in these central arteries 
induce relatively constant and similar 


levels of temperature in the central 
areas of the body, namely tlie tliorax, 
abdomen and cranium. Thus central 
body temperature is controlled. How- 
ever, tliese central temperature levels 
are not precisely identical under con- 
ditions of asymmetrical cooling, such as 
tliat used in this experiment. Here die 
temperature in tlie external iliac artery 
and inferior vena cava commonly were 
0.1° to 1.1° above that of die rectum, 
while the temperature of die femoral 
arter)' just below Poupart’s ligament 
might be 0.8^ above or below that of 
the rectum. Gonsiderable effects of 
local warming and cooling were in 
evidence in both the external iliac and 
femoral arteries, and to a small degree 
in the inferior vena cava. 

One could probably accept temper- 
atures in the abdominal aorta at the 
level of its bifurcation as representing 
approximately central arterial temper- 
ature. This is a point readily reached 
wddi thermocouples. Distal to this, 
steep thermal gradients may develop. 
Thus at die end of this e.vperiment a 
gradient of 1° G was to be found in 
the iliac vein in a distance of 4 cm. 
(between points 6.5 cm. and some 2.5 
cm. above Poupart’s ligament). Deep 
rectal temperature is probably closely 
related to temperatures observable in 
the iliac arteries and veins just central 
to Poupart’s ligament; it does not rep- 
resent a true central temperature unaf- 
fected by local changes. 

Summary. One may conclude that 
current dieories of thermal control are 
not grossly in error, ei'en diough die 
evidence on which they are founded, 
is by no means reliable. A dieory, such 
as that advanced years ago by Meyer^®, 
supposing the existence of two oppos- 
ing centers, one in the anterior lij-po- 
dialamus controlling heat dissipation 
and one i)dng more posteriorly con- 
trolling heat conservation, still seems 
adequate. Presumably die former cen- 
ter is stimulated by sensations of 
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warmth and has an optimal tempera- 
ture for activity, which lies above the 
normal hypothalamic temperature, 
while the latter is stimulated by sen- 
sations of cold and has an optim^ tem- 
perature below tlie normal level. The 
combination of reactions initiated 
eitlier reflexly or centrally through 
tliese centers is reinforced and main- 
tained also by local reactions of the 
cutaneous and deeper blood vessels 
tliemselves to temperature levels, as 
far' as the vascular components of the 
reaction are concerned. 

Such an 11 )^ 30 ^ 0315 , however, fails to 
account for regulation of central body 
temperature at higher lei'els during 
e.xercise, as described by Nielsen^®. 
Such lei'els vary vith the metabolic 


loads imposed by tlie work and appear 
to induce higher temperatures for the 
working muscles at die higher loads. 
These changes seem to be beneficial 
and to aid efficiency-. This adjustment, 
if properly understood, might throw 
light on tlie underlying mechanisms of 
tliermal control in general. It might 
equally be induced by modifications of 
peripheral sensation as by alterations 
in tlie hypotlialamic centers. However, 
tlie effects of carbon dioxide on skin 
sensations and of exercise on sweat- 
ing seem to oppose any theory of a 
peripheral origin for the phenomenon. 
The mechanisms concerned in such 
adjustments remain completely un- 
knowT). 
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The cause of exophthalmic goiter 
remains a mystery despite the great 
advances that have been made in 
its diagnosis and treatment. We are 
fortunate that treatment, even though 
essentially empirical, is usually suc- 
cessful. 

Exophthalmic goiter in children pre- 
sents all the problems of exophthalmic 
goiter in the adult, plus others due to 
immaturity, active growth, and chang- 
ing metabolism. In this paper we wish 
to discuss our experiences with 26 cases 
of hyperthyroidism in children 16 years 
of age or younger. Eight of these have 
been treated with thiouracil or propyl- 
thiouracil. These we will consider in 
detail to show some of the responses to 
this type of therapy. 

Diagnosis of hyperthyroidism in chil- 
dren is based on symptoms, signs, and 
basal metabolic determinations. 

Symptoms are of tivo types: 1, those 
that are similar to tliose of adults and, 
2, tliose tliat may be present or are 
more prominent in young people. Tire 
majority of children have signs and 
symptoms identical ndth those of 
adults, including symmetrical enlarge- 
ment of the thyroid gland widi thrill 
and bruit, exophthalmos, tremor, eidier 
actual weight loss in spite of ravenous 
appetite or weight remaining stationarj' 
when it should be increasing, nervous- 
ness, tachycardia, palpitation, warm 
and moist skin, general weakness, easy 
fatigability, quadriceps weakness, heat 
intolerance, elevated systolic and low 


or normal diastolic blood pressure, 
dyspnea, dorsal curvature of the distal 
phalanges, and irritability. 

Certain other complaints may be 
prominent in children and may be 
quite misleading in the making of an 
accurate diagnosis. Important in this 
group are gastrointestinal symptoms 
(nausea, vomiting, and different types 
of abdominal pain), high susceptibility 
to upper respiratory infection, delayed 
or irregular menses, sleep disturbance 
(insomnia, restlessness, or talking in 
sleep), frequent epistaxis, marked per- 
sonality changes with nervousness, tem- 
per tantrums, crying spells, headaches, 
and fainting. These children often give 
a history of an enlarged thyroid gland 
for from one to several years and mai’ 
have been taking iodine for colloid 
goiter. The blood pressure findings are 
significant in children, 140 over 50 
being a t)q>ical recording. The fre- 
quency of upper respiratory infections 
in some of these children increases the 
difficulty of getting a basal metabolic 
determination that is accurate. 

Treatment must be suited to tlie 
individual case. There are 3 types of 
therapy: rest, operation and drugs, 
which may be used singly or together, 
depending on the individual need. 

A program of rest with discontinu- 
ance of school, restricted activity, long 
hours of sleep with frequent daytime 
rest periods, a high caloric diet, and, 
if necessar)', mild sedation is mluable. 
This frequently will alleia'ate the svmp- 

( 493 )' 
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toms and carrj' a young patient along 
until lie is a little older before under- 
going operation. An occasional patient 
udth mild toxic s)TOptoms of short 
duration may be treated solel}' by tliis 
method. Adequate attention to psycho- 
somatic aspects of the disease and to 
the education of the parents is essen- 
tial in such a program. 

As in adults, tlie surgical treatment 
of exophthalmic goiter in children gives 
e.xcellent results in a high percentage of 
cases. Indications for operation are ( 1 ) 
tlie determination, based largely on 
experience, tliat operation is the best 
treatment for die particular jiatient; 
(2) failure of medical dierapy, includ- 
ing a lack of response and dei'elopment 
of complications such as leukopenia; 
and (3) persistence of an enlarged 
gland in spite of regression of toxiciti' 
after medical dierapy. 

Careful preoperative preparation is 
essential to successful surger)', includ- 
ing a rest program as outlined above, 
combined vatii die use of iodine and 
antith)Toid drugs, such as prop)'ldii- 
ouracil and medii'ldiiouracil. Propyl- 
diiouracil causes a marked increase in 
die vascularity of die gland, making 
operation technically difficult. When 
antidijToid drugs are used, die}" should 
be discontinued 2 weeks prior to opera- 
tion and iodine should be used to 
involute the gland. Iodine alone is 
excellent in the pre6perati^"e prepara- 
tion of diese patients, and for the past 
■\"ear we have used Lugols solution 
only, widiout propylthiouracil, e.xcept 
in die most toxic cases. Operation 
should not be performed until die 
patient is gaining weight, the pulse rate 
has decreased, the basal metabolic rate 
is declining, and to.xic symptoms are 
in remission. 

Subtotal th}Toidectomy is the opera- 
tion of choice. In this clinic we have 
used superficial cer^ncal ners'e block 
anesthesia since 192S, in preference to 
the older method of infiltration. We use 


IfsS procaine vrith no adrenalin. Chil- 
dren 12 years of age and older given 
adequate preoperative sedation (pan- 
topon, scopalamine, and nembutal, the 
dosage depending on weight and age) 
tolerate tiiis well. The same surgical 
technique is used as in adults, tiiis 
being an intracapsular excision of 
Iq'perplastic th}TOid tissue, preferabl}' 
vadi die electro-surgical knife. Consid- 
erable time and effort is spent prior to 
operation obtaining the confidence of 
the child, and die fact that no general 
anestiietic has ever been used testifies 
to die success of these efforts. 

Postoperatii'e care is extremely 
important. One advantage of nen"e 
block anesthesia is tiiat die patient is 
able to cooperate immediately and be 
given frequent oral doses of Lugol’s 
solution. Ten to 15 doses of 10 drops of 
Lugol’s solution are given on die day 
of operation, 4 doses in die first post- 
operative hour, 10 doses the second 
day, and 3 times a day tiiereafter until 
discharge. Rarely it may be necessar}' 
to give iodine subcutaneously, by pro- 
toclysis or by duodenal tube. We do 
not use it intravenously. Iodine therapy 
after discharge from die hospital 
depends on die response of die patient. 
In some cases it may be discontinued 
after weeks, and in others it may have 
to be used for months or occasionally 
indefinitely. 

The program of rest and high caloric 
intake is essential wntii the gradual 
increase in actiwty. We have found tiiat 
the patients weight is die best index of 
response to treatment and insist that a 
substantial gain be made die first 3 
months after operation. 

Medical treatment of h^'pertiiyroid- 
ism is much in vogue, with diiouracil. 
thiourea, diiobarbital, propylthiouracil, 
and methylthiouracil recei\"ing the most 
attention. Radioactive iodine is receiv- 
ing much study, but results have been 
variable, some patients showing early 
fai'orable response only to relapse later. 
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In others the response has been encour- 
aging but sufficient time has not yet 
elapsed to consider tlie patient cured. 

We have used tliiouracii and propyl- 
thiouracil on 8 of these patients. 
Response has been so varied that a 
brief individual discussion of each case 
is necessary. For the past 2 years pro- 
pylthiouracil has entirely replaced thi- 
ouracil in our therapy. Tliese will be 
discussed in the chronological order in 
which we saw the patients in order to 
show die changes in concepts. 


her to-xic symptoms increased. On October 10 
her basal metabolic rate was -}-S3S. Slie was 
placed on thiouracil, 0.1 gm. twice a day. 
Mie stayed on this dosage until June 8, 1945, 
wJien tlie drug was stopped. At tins time she 
had gained 15 pounds, was free of to.xic 
symptoms, and had a basal metabolic rate of 
4-7%. She got along satisfactorily imtii Feb. 
28, 1946, when symptoms recurred. She lost 
pounds, and her basal metabolic rate 
was -f-24%. She was put on thiouracil, 0.1 
gm. hvice a day. On April 11 her white cell 
count was 4,150 and tmouracil was stopped. 
On Afay 2 it was found that she had lost 
2?< pounds and her blood pressure was 142 
over 62, and her pulse was 132. On July 22 
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Case 1. (a) Exophthalmic goiter in 12 year old girl who has a basal metabolic rate of 

-f3S% and is 21 pounds underweight, (b) Same patient 2 montlis after antithjToid therapy. 
Her basal metabolic rate is -f 5% 1 year after stopping therapy. 


Case Reports. Case 1. H. B., a wliite female 
aged 12 years, was first seen on Sept. 9, 
1944. She had an e.\ophtlialmos of 3 montlis’ 
duration and swelling of tlie neck for 2 
months, along with palpitation, extreme 
nervousness, and tachycardia, and was 21 
pounds underweight. She had been taking 
iodostarine for 2 months. Her basal metabolic 
rate was -}-10%. It was thought clinically that 
she was probably iodine-fast. She was 
observed for a month, during which time 


she was placed on propylthiouracil, 25 mg. 
3 times a day. Five weeks later her white 
blood count was 4,060. In December, 1946, 
propylthiouracil was discontinued as she was 
well. She has remained well since. ' 

Case 2. R. N., a 12 year old white female, 
was first seen Sept 4, 1944, having been iH 
2 years. She was 23 pounds undenveight 
and had a ravenous appetite, alternating 
diarrhea and constipation, tremors, nervous- 
ness, “heart pains”, and temper tantrums. Her 
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blood pressure was 118 over 55 and her pulse 
110. She was hospitalized and place! on 
thiouracil, 0.1 gm. 3 tiiies a day. On iMoveni- 
ber 1, she developej a skin rash on her 
tlughs. Thiouracil w<^ oiscontinued. She was 
placed on Lugol’s solution and prepared for 
operation, and on Dcce nber 18 a right lobec- 
tomy and isthmectomy were performed. On 
March 3 the left lobectomy was done. She 
made excellent recovery. On August 27 a 
nodule was felt in the right upper lobe. On 
June 26, 1947, her neck was enlarged and 
toxic sjmptoms recurred. She was placed on 
propylthiouracil, 50 mg. 3 times a day. On 
July 12 her white blood cell count was 4,200, 
but she was continued on the drug. Her 
disease was controlled xvith propylthiouracil 
until May, 1948. On June 2, 1948, operation 
was performed again for a large h)’perplastic 


pounds. She was placed on propylthiouracil, 
25 mg. three times a day. In September she 
went back to school half time. In April, 1947, 
she was without propylthiouracil for three 
weeks, lost 4% pounds and became hyper- 
active. Propylthiouracil was resumed until 
June 29, 1947, when it was discontinued. At 
the present time, 16 months later, she is well 
and is attending school all day and weighs 
114 pounds, has a pulse of 90, and a blood 
pressure of 125 over 60. Her metabolic rate 
was +10%. This is the most satisfactory result 
of propylthiouracil therapy we have seen in 
either an adult or a child and shows, despite 
statements in the hterature to the contrary, 
it is at least possible to arrest the disease 
in some instances. One always hesitates to 
speak of a cure in exophthalmic goiter by any 
manner of treatment. 



Case 2. (a) Severe case of exophthalmic goiter in 12 year old child. Following skin erup- 

tion from thiouracil, a thjToidectomy was performed, (b) Same child developed a recur- 
rence 3 years later that failed to respond to propylthiouracil. After further surgery the disease 
is arrested, and the basal metabolic rate remains normal. 


gland. Seven days later she was discharged 
with a basal, metabolic rate of -i-10% and a 
pulse of 72.- 

Case 3; A. F., a 10 year old white female, 
was first seen Feb. 2, 1946. She had an 
enlarged thyroid gland, an exophthalmos of 
2 montlis’ duration, tremor, warm moist skin, 
and a ravenous appetite. Three weeks before 
her metabolic rate was reported as -1-62% at 
another institution. After three xveeks of iodine 
it was -1-24%. Her blood pressure was 140 
over 60, her pulse 120, and her weight 85 


Case 4. M. T., a white female aged 8 years, 
was first seen Sept. 14, 1946. Symptoms were 
extreme nervousness, insomnia and restless 
sleep, tremendous appetite, intolerance to 
heat, frequent sore throats, enlarged thyroid 
gland, tachycardia, and quadriceps weakness. 
Her blood pressure was 126 over 50 and her 
pulse was 158. She was placed on Lugols 
solution for 2 weeks. She gamed 314 pounds, 
was less nen'ous, and felt better. On Septem- 
ber 25 she was started on propyltliiouracil, 
25 mg. twice a day. Slow improvement oc- 
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well until Jan. 23, 1947. At that time she 
was hospitalized for 2 weeks wth symptoms 
of nausea, vomiting, diarrhea, and fever. She 
had had tachycardia and weakness of the legs 
since then. She had a moderate tremor, a pulse 
of 148, a blood pressure of 144 over 24, a 
weight loss of 14 pounds in 2 weeks, a warm 
moist sldn, symmetrical enlargement of the 
thyroid with thrill and bruit, and quadriceps 
loss. A systolic mmmur was present over the 
aortic and mitral areas. She had been on 
thiouracd for 10 days before admission. This 
was changed to propylthiouracil, 50 mg. 3 
times a day. Three months later on April 22 
she had gained 10 pounds; her blood pressure 
was 128 over 70, and her basal metabolic rate 
was +11%, and all to.vic s 3 miptoms were gone. 
On July 23 propylthiouracil was discontinued. 
On August 26 her symptoms had returned. 

She was definitely hyperthyroid wth a 
basal metabolic rate of +43%. She was placed 
on iodine, and on September 10 a subtotal 
thyroidectomy was performed. She made a 
normal recovery, and when seen on May 27, 
1948, she was well She was continued on 
iodine until September 13. On Nov. 13, 1948, 
she resumed Lugol’s solution, at which time 
her basal metabolic rate was +35% There \yas 
a weight gain of 22 pounds, and she ap- 
peared normal. ^ ^ ■ 

Case 8. M. G., a 16 year old wbite^'female, 
was first seen on Dec. 12, 1947.;fi'oi‘'5 months 
she had been imder her doctor’s care for 
nervousness and loss of “pep”. She had been 
told she had a goiter and had been given 
iodine. She had gained 11 pounds during 
this time but felt no better. She was jittery 
and constantly making purposeless movements. 
She was intolerant to heat and fainted fre- 
quently. She had a pulse of 116, a blood pres- 
sure of 142 over 60, e.\ophtlialmos, moderate 
tremor, and a symmetrically enlarged tliyroid 
with thrill and bruit In admtion, for 6 months 
she had had definite voice change; it had 
become husky and gave her poor enuncia- 
tion. Her basal metabolic rate was +49%. On 
December 2 she was started on propylthi- 
ouracil, 50 mg. 3 times a day. On January 3 
she was worse; there was a 6 pound loss of 
weight, a basal metabolic rate of +70%, and 
increased nervousness. Propylthiouracil had 
been stopped 2 weeks before because of a 
white blood cell count of 4,500. It was 
thought that she was on the verge of a 61)^14 
crisis. She was hospitalized and placed on 
Lugol’s solution. On Jan. 16, 1948, a subtotal 
tliyroidectomy was performed on a large 
hyperplastic intrathoracic goiter. One month 
later her basal metabolic rate was 0%; pulse, 
70; and blood pressure, 120 over 84. There 
was a weight gain of 18 pounds. Since then 


she has been well, except that a reducing 
diet has been necessary. 

In all of tliese cases the patient was 
placed on a regimen of rest, high 
caloric diet, and discontinuance of 
school, in addition to medication. 

Simamary and Conclusions, Twenty- 
six cases of exophthalmic goiter have 
been observed in children ranging in 
age from 8 to 16 years. Symptoms and 
treatment have been discussed, espe- 
cially the results of thiouracil and pro- 
pylthiouracil in 8 cases so treated. The 
following conclusions seem warranted: 

1. Depression of white blood cells 
must be. carefully watched for in the 
use of thiouracil and propylthiouracil. 
Four of 8 patients treated with these 
drugs de\'eloped white counts below 
5,000, although there were -no serious 
complications. Propylthiouracil is much 
safer than tliiouracil, which should no 
longer be used. 

2. These drugs have a goitrogenic 
action as evidenced by Cases 4 and 5, 
in which, although toxicity was relieved, 
the continuing large size of the gland 
made it necessary to perform thyroidec- 
tomy. 

3. Early diagnosis in some cases may 
be'difBcuIt," for two reasons: 1, atypical 
symptomatology; and, 2, the masking 
of tlie clinical picture by prewous treat- 
ment. 

4. Individual response to these anti- 
thyroid drugs is uncertain in children, 
and there is no rule to determine in 
which cases they xviU be successful. 

5. At present, the best place for tliese 
drugs is probably in preoperative prep- 
aration, or in patients in whom it may 
be necessary to delay operation. 

6. The fact that in orfy one patient 
with hyperthyroidism was the disease 
apparently permanently arrested by 
propylthiouracil indicates that opera- 
tion is still the method of choice in the 
treatment of these patients. 

7. Iodine should be given to all 
patients prior to and following opera- 
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LIVER AND KIDNEY FUNCTION IN ROCKY MOUNTAIN 
SPOTTED FEVER-’t 


By William A. Wolff, Ph.D. 

ASSOCIATE PROFESSOR OF CLINICAL CHEMISTRY AND TOXICOLOGY 

AND 

George T. Harrell, M.D. 

PROFESSOR OF MEDICINE 
WTNSTON-SALEM, NORTH CAROLINA 

(From tile Departments of Patliology (Clinical Chemistry Laboratory) and Internal Medicine, 
Bowman Gray School of Medicine of Wake Forest College 
and the North Carolina Baptist Hospital) 


Rocky' Mountain spotted fever is a 
severe generalized infection Yvhich is 
known to cause damage to many 
organs. Cases are now recognized 
with some frequency over Yvide areas 
of the United States. More instances 
of the disease are reported currently 
from the eastern seaboard and south- 
eastern states than from the west. The 
anatomic changes produced can be 
demonstrated by paAologic techniques 
at autopsy. Disturbances of function 
have been observed clinically in the 
course of the disease, but few attempts 
have been made to evaluate the 
physiologic alterations in specific 
organs. We have previously described 
alterations in the serum proteins and 
in electrolytes of the blood, as well 
as circulatory changes occurring 
in the disease^®-^®. These observations 
suggested that some functions of the 
liver and kidney might be disturbed. 

In the treatment of infectious dis- 
eases, chemotherapy or specific immu- 
notherapy is directed toward eradication 
of the etiologic agent. Such therapy is 
not aimed primarily at the prevention 
or control of physiologic disturbances 
which are induce^ in the host by the 
infectious processT In the hope of 


obtaining information which would 
permit supportive therapy to prevent 
or correct such disturbances, studies of 
several functions of the liver and kid- 
ney were done to determine: 1, the 
degree of the physiologic disturbances; 
2, their relation to the clinical severity 
of the disease; 3, the time in the course 
of the disease at which changes are 
maidmal; and, 4, the degree to which 
function is restored with recovery. 

Plan.. During the years 1942 to 1947 
inclusive, 26 cases of Rocky Mountain 
spotted fever have been studied inten- 
sively in the North Carolina Baptist 
Hospital; 19 additional cases were seen 
for too short a period of time to be 
included in this report. Of the patients 
studied intensively, 16 were under the 
age of 15 years and were cared for 
on the pediatric service; the remain- 
ing 10 were treated on the medical 
service. Eight patients— 5 children and 
3 adults— were studied before the addi- 
tion of high protein diets with vitamin 
supplements to our program of sup- 
portive therapy; 18 patients— 11 chil- 
dren and 7 adults— were studied after 
this form of therapy was made 
routine^'^. Seven cases were classified 
as mild, 10 as moderately severe, and 


• This study was aided by a grant from the John and Mary R. Markle Foundation. 

1 Doctors William L. Venning and Weston M. Kelsey assisted in the care of the pediatric 
patients. 
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6 as severe; 3— all in children— were 
fatal. The criteria for classification of 
the cases have been previously 
published^^. 

The attempt was made to perform 
studies on each patient at 4 periods 
in the course of the disease: (1) as 
soon as possible after admission to tlie 
hospital, (2) at the clinical peak of the 
disease, (3) during convalescence in 
the hospital, and (4) during recovery 
after discharge. Since so many of the 
patients were small children and so 
many were critically ill— often coma- 
tose, edematous, and incontinent— it 
was diflBcult to do all of the studies 
planned on each patient. Furthermore, 
many patients were admitted when the 
disease was well advanced and were 
near the clinical peak when they were 
first seen. Only a few returned after 
recovery. Data on two or more periods 
are available in about one-third of the 
cases; 8 patients had serial liver func- 
tion studies made at two periods, and 
8 had kidney function tests at twm 
periods. 

Methods. Tests of Lu’er FtracnoN. 
Studies were designed to measure carbohy- 
drate conversion and storage by the oral 
galactose tolerance test; “detoxification” by 
the conjugation of orally or intravenously 
administered sodium benzoate to hippuric 
acid; the formation of proteins bv the pro- 
thrombin time and the albumin and globulin 
levels; pigment metabolism by the quantita- 
tive serum van den Bergh test and the 
removal of intravenously injected bromsul- 
falein. 

The galactose tolerance was judged to be 
abnormal if more than 3 gm. of reducing sub- 
stance was excreted by the kidney in 5 hours 
following the ingestion of 40 gm. of galac- 
tose on a fasting stomach. 

The excretion in 4 hours of at least 2.7 gm. 
of hippuric acid, calculated as sodium ben- 
zoate, after the oral administration of 5.9 gm. 
of sodium benzoate, xvas taken as normal. 
The excretion of 0.7 gm. in 1 hour after the 
intravenous injection of 1.77 gm. of sodium 
benzoate xvas likewise regarded as normal. 

In children the adult doses were used for 
both tire galactose tolerance and the hippuric 
acid tests; the normal range of values is less 


firmly established in this age group, but for 
the purpose of this e.xperiment the normal 
values were considered the same as in adults. 

The prothrombin time was determined by 
tile Quick method in adults and by a micro- 
method in children^i'. If the prothrombin 
time was prolonged, vitamin K xvas admin- 
istered oraUy or parenterally and its effective- 
ness evaluated by serial determinations; 1 mg. 
of menadione per day was included in tlie 
high-protein supplementary feeding which 
xvas administered routinely to all patients 
after July, 1944. A prothrombin activity (con- 
trol in seconds/prothrombin time) of less 
than 85% was regarded as abnormal-^. 

Serum levels or albumin and globulin were 
determined by the micro-Kjeldahl technique. 
Values below 3.5 gm. % for albumin or 1.5 
gm. % for globulin were taken as abnormal. 

For the bromsulfalein (BSP) test 5 mg. per 
kg. of body weight was injected inbra- 
venously; as many blood samples as possible 
were drawn after 5, 10, 15, 30, 45 and 60 
minutes. Because of tlie difficulty in finding 
veins, especially in the children, only 2 or 
3 samples were usually obtained. Retention 
of more than 10% of the dye at 15 minutes, 
5% at 30 minutes, or any at all after 45 
minutes was taken as evidence of abnormal 
function. 

Serum bilirubin was measured by the 
standard van den Bergh technique; values 
above 0.8 mg. per 100 cc. were regarded as 
abnormal. 

Tests of Kidney Function. The excretorx’ 
power of the glomeruli was measured by 
urea clearance tests and nonprotein nitrogen 
(NPN) determinations; the e.xcretory power 
of the tubules by phenolsulphonphtlialein 
(PSP) tests; and damage permitting the 
escape of elements from the blood by the 
presence of albumin in the mine and by 
microscopic examination. 

The urea clearance was detennined bv 
comparing the mea nitrogen in the blood 
with tliat in a sample of urine collected over 
a period of at least 6 and usually 12 hours: 
standard analytical techniques were em- 
ployed. A value of 50% or less of normal was 
interpreted as indicating abnormal function; 
a value above 70% was accepted as indication 
of adequate function. Values between 50 and 
70% of normal were interpreted as demon- 
strating questionable renal damage. 

Phenolsulphonphtlialein (PSP) excretion 
was determined in specimens of urine voided 
15, 30, 60, 90, and 120 minutes after the 
intravenous injection of 1 cc. of dye. Excre- 
tion of 65% or more of the dve in two hours 
was regarded as normal in adults. The same 
dose was used in children, but an excretion 



502 


WOLFF, HAEKELL: rocky mountain SPO'ITED FEVER 


of 50% was judged to be normal. 

Blood levels of nonprotein nitrogen were 
determined by standard methods. Values 
above 40 mg. per 100 cc. were regarded as 
abnormal. 

Tests for urinary albumin were performed 
by boiling a sample of urine after the addi- 
tion of acetic acid. 

Microscopic examination of the urine was 
done on 15 cc. samples of voided urine; the 
samples were centrifuged in adults, but not 
in children. 

Results, The results are summarized 
in the table. In order to save space, 
detailed data are not included; in the 


simultaneous hippuric acid tests 
showed a decrease in function. 

Hippuric acid excretion was satis- 
factorily determined in 16 cases. In 5 
cases multiple tests were done. In 13 
patients tire hippuric acid excretion 
was less than normal at some time, 
usually at or just after tlie clinical 
peak of the disease, about the third 
week of rash. In 6 instances less tlran 
1 gm. was excreted on the oral test. 
Nine tests gave normal values. In no 
instance was the hippuric acid excre- 


TABLE 1. THE NUMBER AND SEVERITY OF CASES STUDIED COMPARED WITH 
THE NUMBER SHOWING ABNORMALITIES OF FUNCTION BY 


THE TEST 

Number of Cases Studied 


Fatal 

AduUs 

Children 

3 

Total 

3 

Severe 

2 

4 

6 

Moderate 

4 

6 

10 

Mild 

4 

3 

7 

TOTAL 

Before high 

10 

16 

26 

protein diet 
After high 

3 

5 

8 

protein diet 

7 

11 

18 

TOTAL 

10 

16 

26 


Before clinical peak 
At clinical peak 
After clinical peak 
TOTAL 

analysis of data in some instances 
where different tests were done on 
successive days, they have been con- 
sidered as if they were done on the 
same day.® Despite the unavoidable 
lack of baseline tests made before the 
illness began, a measure of control 
u'as afforded by the return to normal 
values after recovery and by compari- 
son witli figures for similar tests per- 
formed in other infectious diseases. 

Tests of Ln'ER Function. Galactose 
tolerance tests were done on 9 patients 
and were repeated in 4 patients. All 
gave a negative reaction. In 5 instances 

• Detailed data are available and figures on 
on request. 


INDICATED 

Number witli Liver Damage Number with 





Kidney Damage 

Hippuric 

BSP 

Albumin 

Urea Clearance 

1 

1 

2 

1 

1 

1 

3 

2 

5 

2 

9 

4 

3 

2 

4 

2 

10 

6 

18 

9 

6 


7 

5 

4 

6 

11 

4 

10 

6 

18 

9 

Q 

2 

8 

4 

6 

1 

8 

2 

4 

3 

2 

3 

10 

6 

18 

9 


tion abnormal after the hventy-first 
day of rash. In 2 patients with 
abnormal tests the hippuric acid excre- 
tion reverted to normal before dis- 
charge. In general the defect in con- 
jugation paralleled the clinical severit)' 
of the disease, though 3 patients witli 
mild cases did have abnormal tests. 
In 3 instances simultaneous NPN 
determinations were above 40 mg. per 
100 cc., while in 5 instances the NPN 
was normal. Simultaneous PSP tests 
gave normal values in 8 cases. 

The prothrombin time was deter- 
mined in 11 patients. In 5 cases the 

specific tests in an individual can be fumisbed 
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protlirombin time, at some time during 
the course of the illness, was increased 
five seconds or more as compared with 
the control; the prolongation usually 
occurred at about die clinical peak of 
the disease. Only 2 patients had mark- 
edly abnormal tests, however. The per- 
centage of activity in these 2 patients 
was 10 and 13%; in the remaining 3 
cases the activity was 55 to 78%. 

One child, who had a normal 
prothrombin time on admission, re- 
ceived prophylactic oral doses of 
menadione (1 mg. daily) for 5 days. 
At the end of that time (tenth day of 
rash) the prothrombin time was two 
minutes against a control of 14 sec- 
onds (18% activity), and the following 
dav it was 3 minutes against a control 
of 18 seconds (10% activity). Within 
12 hours after 1 mg. of vitamin K was 
wiven narenterally, the prothrombin 
time returned to normal and remained 
so. One boy had a slightly elevated 
prothrombin time on admission. One 
dav later the prothrombin time was 2 
minutes and 30 seconds, in comparison 
'vith a control of 20 seconds ( 13% activ- 
ihO. The prothrombin time remained 
at this level for 7 days (from the third 
to the tenth dav of rash) in spite of 
the daily parenteral administration of 
4 mg. of vitamin K. Both of these 
cases were classed as severe. 

In all instances the protlirombir 
time was normal by the time of dis- 
charge from the hospital. 

Serum levels oi albumin and globulin 
were determined in all but 2 patients. 
In these 2 die total serum proteins 
were below 5 gm. %; diey rose 
to 6.5 gm. by discharge. Albumin 
\alues below nonnal were found at 
some time in 18 out of 24 patients; 
in 7 diey returned to normal b}"^ dis- 
charge. Reduced globulin levels were 
found in 4 patients; in 2 the value 
returned to normal by discharge. In 2 
patients globulin levels above 3.5 gm. 


per 100 cc. were observed; in both diey 
were still rising at discharge. 

Seven out of 7 patients observed 
before die institution of a high protein 
diet as part of die dierapeutic regimen 
had lowered albumin levels. In only 
2 had die level risen to normal by 
discharge. In contrast, 11 out of 17 
patients treated widi high protein diets 
had reduced albumin values, and in 
5 of these the value had returned to 
normal by discharge. 

The serum protein levels were lowest 
at or just before the clinical peak of 
the disease. Tlie drop in proteins was 
influenced by die clinical severity of 
the disease, the duration of die illness 
before admission, and the amount of 
protein taken in the diet. 

Serum bilirubin values were ob- 
tained on 13 patients. In only one 
patient was die value elevated, and 
then only to 1.4 mg. per 100 cc,, 
though it remained elevated from the 
tendi through the thirty-first day of 
rash. Liver damage was demonstrated 
in diis patient by hippuric acid tests 
performed on die eleventh and six- 
teenth days of rash. 

Eighteen bromsulfalein (BSP) tests 
were carried out on 14 patients. In 6 
instances slight retention of the dye 
was demonstrated; in 2 cases in which 
several diflFerent tests were done, reten- 
tion of BSP was the only indication 
cf liver damage. In 3 patients the 
bromsulfalein test was normal, while 
die hippuric acid test showed a low 
excretion. In one other die hippuric 
acid and BSP tests were in agreement. 
Usually retention of the dye was noted 
at about the clinical peak of the dis- 
ease, or early in convalescence, though 
in 2 cases dye retention was obsen^ed 
before the clinical peak. 

Tests of Ktonev Function. Urea 
clforance tests were satisfactorilv com- 
pleted on 13 patients. One child 
showed definite ewdence of renal 
damage, vath an e.xcreb'on of less than 
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50% of normal; she subsequently died 
from the disease. In 8 patients the 
clearance was between 50 and 70% of 
normal; 3 of these patients were over 
40 years of age. Four patients showed 
unimpaired urea clearance with an 
excretion of 70% of normal or greater. 
In 2 instances abnormal urea clear- 
ance tests reverted to normal by the 
time of discharge. The degree of dam- 
age could not be correlated with the 
clinical severity of tire disease. The 
reduction in function usually occurred 
at or before the clinical peak of the 
disease, though 3 abnormal tests were 
obseiY'ed after the peak. 

Phenolstilphonphthalein (PSP) ex- 
cretion tests were satisfactorily com- 
pleted in 9 patients. All excreted 
normal amounts of the dye in 2 hours. 
In all instances a greater amount of 
dve was excreted in the first specimen 
than in any other— a fact which fur- 
ther supports the conclusion that the 
tubular e.xcretor)' function was not im- 
paired. In 3 patients on whom a urea 
clearance test was also run, the results 
indicated a questionable impairment 
of function. 

Nonprotein nitrogen levels were 
determined in all but 7 patients, and 
were followed serially in 13 patients. 
In 2 cases the NPN exceeded 70 mg. 
per 100 cc. before the clinical peak 
of the disease. In 5 cases the NPN 
was found to be behveen 40 and 70 
mg. per 100 cc. at some time. In 12 
patients the level did not exceed 40 
mg. per 100 cc. at anv time. In 4 
patients an elevated NPN returned 
to normal bv the time of discharge, 
but in one it was still 44 mg. per 100 
cc. In 2 others repeat determinations 
were not done. Since the fluid and 
protein intake, blood pressure, urinary 
output, and renal function all affect 
the level, it was impossible to correlate 
the changes wth the severih' of the 
illness. 

Albuminuria of varymg degrees was 


observed at some time during the 
course of the illness in 10 patients. 
Only 2 patients had a frank albumin- 
uria, with a 2 plus reaction; 5 patients 
showed 1 plus reactions, and 3 patients 
had a trace of albumin. In most 
instances albuminuria was found earlv 

j 

in the course or at the clinical peak 
of the disease; it usually persisted for 
two or three days only, and then dis- 
appeared. In 5 patients who had had 
albuminuria, the reaction was negative 
by the time of discharge. Since the 
amount of albumin in the urine is 
influenced by fever and by the urine 
volume, it was not possible to corre- 
late the degree of albuminuria with 
the clinical severity of the disease. 

Microscopic examination revealed 
occasional granular or hyaline casts in 
only 8 cases. One patient had frank 
hematuria, with numerous red cells in 
the centrifuged urinary sediment, but 
the abnormality persisted only one 
dav; a simultaneous determination of 
the prothrombin time was not done. 
Four patients had slight hematuria 
f 2 to 5 red blood cells per high power 
field) for periods of I to 3 days. In 
most instances microscopic abnormal- 
ities in the urinaiy^ sediment were 
found at about the clinical peak of 
the disease; rarely were changes 
observed during convalescence. No 
alterations suggestive of acute glom- 
erulonephritis were found at any time. 

Discussion. Lr'er FmsrcnoN. Dis- 
turbances in liver function were 
observed in patients with Rock")' 
Mountain spotted fever. Alterations 
were greatest in the conjugation of 
benzoic to hippuric acid and in the 
serum levels of albumin and globulin, 
but changes were also observ'ed in the 
bromsulfalein retention test, the van 
den Bergh reaction, and the nrothrom- 
bin time. The degree of the func- 
tional disturbance usually was not 
marked, but was roughly naraflel to 
the clinical severity of the disease. 
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Definite alterations were seen even in 
miid cases. The maximal changes in 
the prothrombin time and serum 
protein content occurred at about the 
clinical peak of the disease. Alteration 
in hippuric acid excretion was most 
frequent at the clinical peak, but also 
occurred during convalescence; no 
abnormal test was observ'^ed early in 
the course of the disease. Bromsulfalein 
retention was seen at each period 
tested. All functions tended to return 
toward normal as the patient 
recovered. 

Alterations in prothrombin time 
reflect one function of the liver-syn- 
diesis of complex molecules. The 
prothrombin time is a measure of the 
prothrombin contained in the circu- 
lating blood at the moment; it does 
not indicate stores. The 2 cases in 
which marked changes in tlie pro- 
tlirombin time occurred were both 
severe, and in botli cases the change 
appeared overnight. The prompt 
response of parenteral wtamm K in 
one case would indicate tliat liver 
function was not greatly impaired. The 
total serum proteins at the time were 
only 3.9 gm. %. A BSP test per- 
formed 6 days previously was normal. 
The odier patient did not respond 
promptly to parenteral administration 
of vitamin K, and was so ill that he 
was not expected to recover^^. The 
galactose tolerance and BSP tests were 
normal at tire time; a satisfactory hip- 
puric acid test was not obtained until 
one week after the prothrombin time 
reA^erted to normal at which time 4 
gm. was e.xcreted. 

Unfortunately, no determmations of 
tire prothrombin time were obtained in 
2 of the 3 fatal cases; in the other 
tlie time was normal 5 days before 
death. None of the patients had 
received salicylates or sulfonamides 
(which are Imowm to induce liver 
damage and to prolong the prothrom- 
bin time) for several days before 


tlie abnormalities were noted. 

A comparison of the prothrombin 
time and serum albumin level is not 
possible, because many of the patients 
received preformed protein intrave- 
nously, in the form of whole blood, 
plasma or purified human albumin, as 
part of the supportive therapy^^'”®. 
These measures, as well as the high 
protein diet, probably would have less 
direct effect upon the prothrombin 
time than upon tlie albumin level. 

Hippuric acid excretion was altered 
in each of 6 patients tested before a 
high protein diet became part of our 
therapeutic regimen. After routine 
treatment with forced feedings of a 
high protein diet was instituted, the 
abnormality was observed in only 3 
of 18 patients. The fact that the 
albumin content was decreased in each 
of 7 patients tested before introduction 
of the diet, and in only 11 of 17 
patients after use of the diet was 
begun, lends further support to our 
belief that a high protein diet helps 
to prevent liver damage. In addition, 
the diet reduces tlie amount of pre- 
formed protein required for support 
of the circulation and seems to min- 
imize the development of peripheral 
circulatory collapse and edema^®. 

Pathogenesis of liver damage in 
infectioi4S diseases. The pathogenesis 
of the liver damage occurring in 
Rocky Mountain spotted fever is not 
clear. Though the rickettsias are 
characteristically found intranuclearly 
in the endothelium and smooth muscle 
cells of arterioles, vascular lesions in 
the Hver are not prominent. In fatal 
cases small areas of necrosis have been 
observed in the midzonal areas away 
from arterioles^^. In the absence of 
myocardial failure, the liver was pal- 
pable in only one of our patients. In 
none of tlie 3 fatal cases was the liver 
found to be enlarged at autopsy; micro- 
scopic examination showed slight 
degeneration of parenchymal cells with 


'WOLi’F, HAHKELL: kooky JlOliKTAlN SPOTi'EU FE\'EU 


5Ulj 

minimal vacuolization in only 1 
patient. This child had marked 
piupura and was treated before the 
introduction of the high protein diet. 
We have not attempted serial aspira- 
tion biopsies of the liver to correlate 
fmictional and anatomic damage in 
this disease. 

In certain other infections, such as 
epidemic virus hepatitis, yellow fever, 
and homologous serum jaimdice, 
hepatic cells apparently are directly 
parasitized. Hepatitis has been ob- 
served followng interstitial infections 
of the liver YvitJi bacteria such as the 
beta hemolytic Streptococcus and 
Escherichia coli. In otlier diseases the 
reticuloendothelial (Kupffer) cells in 
the liver become filled with larger 
intracellular parasites such as the 
Leishmania. In infestations with still 
larger parasites, such as die Schisto- 
soma, die eggs or adult parasites are 
filtered out in the venous channels of 
the liver and induce a local foreign 
body reaction with marked scarring. 

Functional liver damage has been 
observed in many infectious diseases; 
in few instances, however, have 
multiple tests been performed to meas- 
ure different functions, or have tests 
been run serially. Except when there 
is direct parasitization of die liver cells 
or massive extracellular invasion by 
bacteria, spirochetes or larger parasites, 
function is seldom altered greatly. 
Reduction in function may occur dur- 
ing the acute febrile period or during 
convalescence. It has been noted that 
alterations develop most frequently 
about 3 weeks after the onset of any 
disease. In scarlet fever the changes 
occur at about the time complications 
develop, during the third week of ill- 
ness--^. In malaria the alterations in 
the cephalin-cholesterol flocculation, 
albumin-globulin ratio, and bromsulf- 
alein e.xcretion occur during the acute 
febrile phases of the illness'^’®’*’*-®®. 
Indeed, decrease in liver function has 


been observed in fever produced artifi- 
cially without actual infection^ Stud- 
ies have also been conducted in patients 
with chronic infectious arthritis, infec- 
tious mononucleosis, experimental 
infectious hepatitis, pneumococcal 
pneumonia, lymphogranuloma, and 
tuberculosis®-^'*’^®’^®’"^’-®. 

The exact mechanism by which 
changes in hepatic function occur 
without destruction or compression of 
liver parenchyma is obscure. Fever 
itself apparently will reduce the func- 
tion of hepatic cells, but the changes 
quickly disappear as the temperature 
subsides. This mechanism may explain 
transient alterations appearing early in 
the course of a disease. It is possible 
that soluble products of the rickettsias 
of Rocky Mountain spotted fever 
might diffuse out of vascular cells else- 
where in the body and reach tire liver 
tlrrough tlie blood, producing a direct 
hepatotoxic effect; however, the func- 
tional changes, except for those in 
pigment metabolism, usually occur too 
late to be due to such a mechanism. 
The alterations in function which have 
been observed in various chronic infec- 
tions or late in the course of other 
acute infections ( during the third week 
of illness, when convalescence is estab- 
lished) would suggest another mechan- 
ism. The immune balance has already 
been tilted by this time, and it seems 
late for an antigen-antibody reaction 
to be at fault, as it may be in the 
padiogenesis of circulatory failure^®. 
Fmrtliermore, hypersensitivity has not 
been demonstrated in patients with 
Rocky Mountain spotted fever. On the 
other hand, allergic liver necrosis has 
been demonstrated in hypersensitive 
animals after the injection of egg 
white^®. In fatal cases of Rocky Moun- 
tain spotted fever microscopic lesions 
found in various organs resemble those 
seen in serum sickness— an illness 
which seems to be due solely to the 
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interaction of antigens and anti- 
bodies^'^. 

Prophylaxis against liver damage. A 
prolonged and severe illness reduces 
the intake of protective foods and 
exhausts the stores of many body sub- 
stances. This situation may induce a 
metabolic imbalance which could dup- 
licate tliat resulting from the experi- 
mental restriction of proteins and 
lipotropic substances to produce fatty 
livers®. In our experience a high pro- 
tein diet with vitamin supplements has 
afforded some protection against liver 
damage in Rock}^ Mountain spotted 
fever. In therapeutic malaria, however, 
a moderate increase in the protein 
intake has afforded no protection 
against alterations in hippuric acid 
excretion’^. In experimentally produced 
bums, where liver damage is known to 
occur, a high protein diet supple- 
mented with metliionine has tended to 
reduce the extent of protein catabol- 
ism as measured by nitrogen loss in 
the urine®. Presumably the liver would 
also be protected to some extent. 
Measurement of liver damage. In 
any event, the defect in liver function 
occurring in Rocky Mountain spotted 
fever is not great enough to cause 
death, and is reparable wath recovery. 
The introduction of effective specific 
antibiotic tlierapy with aureomycin 
and Chloromycetin may reduce still 
furtlrer tlie incidence of abnormal liver 
function tests in this disease. From 
our experience we believe that a few 
selected tests— albumin and globulin 
levels, prothrombin time, and hippuric 
acid excretion— done in tlie second 
week of rash will detect functional 
liver damage and provide a good index 
of its degree. On tlie basis of die lim- 
ited data available and die hem- 
orrhagic character of the anatomic 
lesions, the response of the prothrom- 
bin time to parenteral injections 
of vitamin K may be helpful in esti- 
mating prognosis. 


Kidney Function. Renal function is 
altered less dian liver function in 
Rocky Mountain spotted fever, but the 
disturbance does not appear to par- 
allel the clinical severity of die disease. 
A decrease in kidney function has 
been observed less frequently dian 
alterations in die liver. Maximum 
changes appear earlier than widi lii'er 
damage and seem to revert proniptl)' 
to normal with recovery. The reduc- 
tion in kidney function seen in patients 
past the age of 40 should not be 
attributed solely to the infection, since 
the amount of functioning renal tissue 
is knovm to be reduced by the ordinar)' 
wear and tear of advancing years. The 
reliability of die urea clearance test 
as a measure of renal function in chil- 
dren is not universally accepted, but 
no other tests gai'e conclusive evidence 
of renal damage. No changes have 
been observed which resemble those 
seen in glomerulonephritis. 

In view of the high excretion of 
urinaiy nitrogen which occurs in 
Rock}^ Mountain spotted fever, as well 
as in other infectious diseases, and die 
minimal alterations in urea clearance 
tests, it is probable that the azotemia 
which has been 'observed in many 
cases is due, not to renal insufficiency, 
but to massive destruction of proteins 
or to reduced glomerular filtration 
caused by circulator)’- disturb- 
ances®’^”-”. Circulator)? disturbances 
affect renal function more than liver 
function. Tlie distribution of body 
fluids, as determined by simultaneous 
measurements of the blood volume and 
e.xtravascular thiocyanate fluid space, 
has been slioum to be altered in Rock)? 
Mountain spotted fever^®. 

Pathogenesis of renal damage. The 
mechanism responsible for renal 
changes is obscure. Fever alone has 
been knov’n to reduce the creatinine 
clearance in dogs®'^. In Rocki? Moun- 
tain spotted fever i?ascular damage is 
produced bi? direct parasitization of 
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cells. In serum sickness and the exper- 
imentally produced vascular disease 
resembling periarteritis nodosa, renal 
lesions are pronounced and are accom- 
panied by albuminuria; albuminuria 
has not been marked in our cases of 
Rocky Mountain spotted fever-®--®-®®. 
The time of occurrence of the renal 
damage does not fit with an antigen- 
antibody reaction. Such reactions, re- 
sulting in serum sickness, have been 
shown to decrease the excretion of 
chloride and water; a reduction in 
blood chlorides and retention of water 
have been obsen^ed frequently in 
Rock}' Mountain spotted fever, but 
have not yet been sho\vn to be due 
to a renal defect^®-^--®®. 

No specific measures have been 
devised which wall afford protection 
against the temporary renal damage. 

Summary. 1. Functional liver dam- 
age, roughly related in degree to the 
clinical severity of the illness, has been 
demonstrated by us in patients 
with Rocky Mountain spotted fever. 
Changes were most marked and most 
frequent in the hippuric acid e.\cretion 
test, which usually showed the great- 
est alteration at or following the clin- 
ical .peak of the. disease. Reduction 
in pigment metabolism (as measured 
by the bromsulfalein retention test 
and the van den Bergh reaction) and 
reduction of the formation of cnmnlex 


molecules by the liver (as shown b)- 
the prothrombin time and the albumin 
and globulin contents of serum) were 
found during the acute febrile phase 
of the disease. All liver functions 
returned to normal during conva- 
lescence, 

2. Functional renal damage was 
demonstrated occasionally in the 
course of Rocky Mountain spotted 
fever. Reduced urea clearance values 
and transitory albuminuria or hema- 
turia were observed. The azotemia 
commonly found is probably caused 
by factors other than reduced renal 
function. The defect in renal function 
was slight in degree, occurred before, 
during or after the clinical peak of 
the disease, and returned to normal 
during convalescence; the degree 
could not be correlated with the clin- 
ical severity of the illness. 

3. These changes are not specific for 
Rock}' Mountain spotted fever and are 
not significantly different from thos° 
obtained in many other generalized 
infections. 

4. The administration of a high pro- 
tein diet— by forced feedings of a 
liquid supplement, if necessary— pro- 
tects the liver against marked func- 
tional damage; it does not alter the 
function of the kidneys, though it may 
temporarily overload them. 
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Embolization of systemic arteries 
with material from eroded aortic ather- 
omata has been recognized only re- 
cently as a clear cut histological entit)', 
although it is by no means rare and 
references to its occurrence can be 
found in some of the older te.vt books. 
Flory® devoted an excellently illus- 
trated article to this problem, while 
Meyer® from Rbssle’s Institute, not be- 
ing aware of Floiy^’s paper, stated in a 
paper published only 2 years ago tliat 
lie had discovered a new tj'pe of em- 
bolization. 

The reasons for tlie delayed discov- 
er)' of such a basic process are several, 
the foremost being misinterpretation of 
the findings as organizing tlirombi, as 
pointed out by Meyer. Yet it remains 
amazing that lesions of tliis t)'pe are not 
generally familiar to pathologists. 

The following report is a case in 
point: 

Case Abstracts. Case 1. This 62 year old 
man was admitted because of “ashen color,” 
labored respirations, restlessness and con- 
fusion. He had ccclnTiioses over buttocks and 
thighs and was bleeding from the rectum. 
The past history was noncontribiitory c.vcept 
for an episode of unconsciousness 4 months 
ijcfore this admission which had required 
hospitalization elsewhere. On admission here 
he was found to have a hard, large, nodular 
prostate. He had severe anemia, occult blood 
in the stool and only 5,000 platelets per c.mm. 
in the peripheral blood. The differential count 
suggested diffuse bone marrow replacement. 
The sternal marrosv aspiration res’ealed tumor 
cells. Blood urea nitrogen was 107 mg. and 
(510) 


creatinine 4.7 mg. per 100 cc. The urine con- 
tained 3-f- albumin svitli a specific gravity of 
1.021, 4 to 5 red blood cells per liigh power 
field and some granular casts. Despite sup- 
portive measures tlie patient died on the third 
day in the hospital. The clinical diagnosis was 
carcinoma of the prostate ivith iiadespread 
metastases. 

This was confirmed at autopsy (14130). 
There was involvement of lymph nodes, lungs, 
right ureter and vertebral bone marrow witli 
marked osteoplastic reaction. There was severe 
systemic arteriosclerosis with sclerosis of all 
the coronary artery branches with minimal 
narrowing. The myocardium showed focal 
necrosis which was ascribed to the anemia. 
Bilateral hydrothora.\-, pulmonary edema and 
acute hepatic congestion were present. There 
was severe atheromatosis of the aortic arch, 
the thoracic and abdominal aorta, as well as 
the splenic and left renal arteries. Many of 
tliese atlieromata were eroded. The iliac veins 
were not thrombosed. Multiple acute splenic 
infarcts and healed renal infarcts were found. 
In tlie absence of valvular disease, mural 
thrombi of the heart and patent foramen 
ovale, it was postulated that the infarcts of 
spleen and kidneys were due to embolizafion 
of atheromatous material from tlie eroded 
aorta. 

Microscopic examination of frozen sections 
from the infarcted areas of kidney and spleen 
revealed the vessels supplying these areas to 
be plugged by amorphous material embedded 
in which were found acicular spaces. When 
the Schultz test^ was applied to tliese slides 
the colorless, doubly-refrach’le material in 
these slit-like spaces undenvenl the color 
changes typical of cholesterol ( green in a few 
minutes and brown in 30 minutes). In addi- 
tion to spleen and kidney, embolization could 
be demonstrated microscopically in the arter- 
ies of the following organs: pancreas, pros- 
tate, thyroid, jejunum, rectum, vertebral mar- 
row, periosteum of the sternum and common 
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Fig. 1. Case 1. Large submucosal artery in jejunum, contaim'ng acicular spaces in 
parallel arrangement witlr giant cell reaction (\150). 

Fig. 2. Case 2. Acicular spaces and amorphous material m the lumen of intramural 
coronary arterjf branch \ridi leukocytic { predominantly eosinophilic ) reacdon ( x 350 ). 
Fig. 3. Case 2. Intramural coronarj' arterj’- branch showing fibrous wall with inflammatorj’ 
cells. Lumen contains similar cells surrounding large eccentrically located fusiform space 

(x600). 


Fig. 4. Case 2. Indmal thickening of intramural coronar)’ artery branch wtli 3 small 
scars in tlie surrounding myocardium. Same arterj' as in Fig. 3, at different level (\50). 
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bile duct Frequently there was typical for- 
eign body giant cell reaction surrounding the 
intra\'ascular cholesterol cr)’stals. 

This case then represents the most 
common form of atheromatous emboli- 
zation, namely tlie chronic or even 
healed phase of embolization witli 
atheroma material. Some of die in- 
volved organs, seen in this case, have 
either not been mentioned before or 
pictured as being involved by this type 
of embolization and it is for this reason 
that we show an illustration of the 
jejunum (Fig. 1). 

The acute phase of this process ap- 
pears to have escaped the attention of 
histopadiologists and for tliis reason the 
following case is reported: 

Case 2. A 35 year old man of Armenian 
e.xtraction was admitted because of “not feel- 
ing well” for several hours. While in the re- 
ception room he developed deep cyanosis 
with stertorous breathing and lapsed into 
coma. The heart beat and pulse became un- 
obtainable and he died shortly tliereafter. 

Autopsy revealed the following pertinent 
findings (13563): Severe coronary arterio- 
sclerosis with occlusion of tlie right coronarj' 
artery about 1 cm. from the ostium by a 
hemorrhagic plug. The heart weighed 375 gm. 
and w'as pale reddish-brown and flabby. All 
cardiac chambers were moderately dilated. 
Endocardium and valves were normal. There 
was a lentil-sized gr^ish patch in the pos- 
terior wall of the left ventricle. There was 
arteriosclerosis of the aorta, particularly of 
the descending thoracic and abdominal parts. 
There was no erosion of plaques in the aorta 
an)’%vhere. Microscopic study confirmed the 
above findings and showed the occlusion of 
the right coronary arteiy as being due to 
hemorrhage into an atheromatous plaque. 
Acute and subacute myomalacia was found in 
the posterior wall of the left ventricle. 

There was, however, one featme which at 
first could not be e.\plained properly, namely 
the occurrence of inilammatoiy cells, among 
them many eosinophils, surrounding intra- 
mural arteries and extending into the broader 
septa of the wcinitj'. This was seen only in 
the posterior wall of the left ventricle and 
not in sections from other parts of the heart. 
A fortm’tous frozen section accidentally sup- 
plied us with the correct anssver (Fig. 2). 
This section shosved arteries witliin the mj'o- 
cardium, surrounded bv a dense inH.-unmatoiy 
infiltrate and plugged by amorphous material 


containing acicular spaces, usually associated 
with cholesterol crj'Stals. It was then decided 
to cut serial sections of tire tissue block from 
tire posterior wall of tire left ventricle. Our 
e.vpectatioirs were substantiated as several 
arteries which at first showed only the in- 
e-vplicable perivascular iirflamnration, in the 
serial sections rev'ealed incontestable proof of 
occlusion by amorphous material containing 
slit-like spaces. This can only be interpreted 
as embolization witlr atheroma material from 
the right coronary artery inasmuch as tlrere 
was no eroded atheroma anywhere in tire 
aorta. 

Careful scrutiny of tire serial sections al- 
lowed clrronological grading of the vascular 
lesions. Vessels surrounded by inflammatorj’ 
cells with prevalence of polynuclears (and 
eosinophils) were felt to represent tire most 
acute phase. Lesions where multinucleated 
giant cells are prominent represent a later 
stage. The oldest lesion found is character- 
ized by fibrous thickening of the indma (Fig. 
3). Lesioirs of tliis type were associated wiUr 
small mj’ocardial scars at a short distance from 
tire occluded vessel. These scars could be 
traced to arterioles arising from the obstructed 
arter)’ (Fig. 4). 

This case brings up several new 
points. Firstly, embolization with athe- 
roma material may arise from an artery 
other than the aorta— in this instance 
the right coronary artery. Secondly, 
myocardial scars may be due to this 
process, a fact which might be brought 
out by use of serial sections. Thirdly, 
the acute phase of this condition may 
impress as an arteritis with conspicu- 
ous eosinophilic polymorphonuclears. 
\^Tiether this is due to an allergic re- 
sponse to the body’s own proteins 
which are present in the atheroma we 
are not prepared to say. 

Case 3. Tlie last case to be discussed con- 
cerns a 77 year old woman who was admitted 
for gangrene of the middle toe of the left 
foot. She had had pain in both legs for 2 
months before admission, and a black spot in 
the area described was noted 10 daj’s before 
admission. This spread svith increasing pain. 
She had had a “heart attack” some 5 years 
before admission, which confined her to bed 
for several weeks. An electrocardiogram was 
not taken at the time. On admission she ap- 
peared acutely ill sWth a blood pressure of 
120/80 and irregular pulse a^’eraging about 
72 beats per minute. She had kjqjhoscoliosis 
to the right and dullness at the right base with 
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diminished breath sounds in the same area. 
Her heart was enlarged to the left with a sys- 
tolic murmur and apical gallop rhytlim. Radial 
pulses were poor and so was the left femoral 
pulse. The patient died on the third hospital 
day while on penicillin therapy. 

Autopsy (14159) revealed severe systemic 
arteriosclerosis. There was an arteriosclerotic 
occlusion of tlie superior mesenteric artery 


near its origin and an old occlusion of the 
anterior descending brancli of the left coron- 
ary artery with a healed infarction of the 
anterior wall of the left ventricle. The heart 
weighed 550 gm. The right and left ventricles 
were dilated and In^pertrophied. The mitral 
ostium admitted 2 fingers and therefore did 
not participate in the dilatation of the ven- 
tricle. This was due to marked thickening and 



Fig. 5. Case S. Cross section tlirough posterior wall of left auricle and ventricle, showing 
atheromatous mass arising from the mitral valve ring and pushing the posterior cusp into 

the ventricular lumen. 

Fig. 6. Case 3. Jagged basophilic fragment similar to the ones in the mitral ring atlieroma 
in die wall of a large renal artery', associated with a healed infarct {x50). 

Fig. 7. Case S. Microscopic view of the margin of the mitral valve ring showing the 
fibrocalcific capsule and atlieromatous material with large jagged fragments (xl50). 
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sclerosis of the mitral valve ring, which caused 
a 15 mm. bulge on the undersurface of the 
posterior mitral cusp. The lateral margins of 
this bulging mass fused with the sclerotic 
mitral ring. On cross section this mass was 
calcified in the periphery and contained 
yellowish-white grumous material (Fig. 5). 
No mural thrombi were found in die heart. 
The coronary vessels and the aorta showed 
marked atlierosclerosis. No scars were noted in 
the spleen or pancreas at ‘he time of the 
gross e.xamination. The kidneys weighed 185 
and 210 gm., were reddish-brown and their 
capsules stripped readily. The exposed sur- 
face was finely granular xvith numerous coarse 
depressed red scars varying from several 
millimeters to 1 cm. in diameter. These scars 
were mainly localized along the convexity of 
the organ giving the typical appearance of a 
senile arteriosclerotic Iddney. 

Histological examination however showed a 
large branch of a renal artery leading into 
a deep cortical scar to be almost occluded by 
a basophilic, jagged fragment the nature of 
which could not be ascertained at first (Fig. 
6). Similar fragments were seen in other 
branches of the renal artery and in arteries 
of the pancreas and spleen. Invariably tlie 
fragments were embedded unthin the arterial 
wall and separated from the lumen by a layer 
of intima of variable thickness. This was ob- 
served in serial sections and presented also 
an unexpected finding. Occasionally these 
jagged fragments were eosinophilic. 

Microscopic study of the section of the 
mitral valve ring clarified the nature and 
probable origin of the aforementioned frag- 
ments. The large atheromatous tliickening of 
the valve ring contained fragments which were 
identical in size, shape and staining character- 
istics with the ones found in kidnej% spleen 
and pancreas (Fig. 7). It was then decided 
that the lesions in kidney, spleen and 
pancreas were of an embolic nature. Although 
similar fragments may be found in aortic 
atheromata, the absence of the cholesterol 
crvstals in the embolic lesions and in the 
mitral valve ring lesion speak against an 
aortic origin of the embolic material. 

Closer senitiny of the mitral ring lesion 
shows how attenuated the tissue is in places. 
One can well imagine that a lesion of this 
unusual size may thus perforate and emptj’ 
some of its contents into the systemic circula- 
tion. The peculiar position of die embolic ma- 
terial within the wall of the arteries and sepa- 
rated from the lumen is, in our opinion, due to 
the lesion being healed after embolic material 
has become impacted in the wall, a proc- 
ess which in other instances led to the forma- 
tion of aneurysms; for e.xample, in healed 
-subacute bacterial endocarditis'"'. 


This patient then represents a case 
of embolization \vitli material from an 
unusually large arteriosclerotic valve 
ring. To our knowledge no similar case 
has been reported. The gangrenous toe 
could not be examined microscopically 
and might have been of embolic origin, 
although this is not too likely because 
of absence of acute embolic lesions in 
other organs. 

Discussion. Panum“, in a study on 
embolism, reported tlie gross findings 
of the autopsy of Thorwaldsen and 
ascribed his sudden death to athero- 
matous rupture in die coronary artery 
with occlusion due to diis rupture. No 
microscopic examination is recorded. 

Doch"^ reported a case of ruptured 
coronary adieroma witii multiple em- 
boli in the larger coronaiy branches due 
to cholesterol. There is no microscopic 
description of the lesions. 

Le Cound describes calcareous em- 
boli of several organs and the heart and 
traces these emboli back to atheromata. 

Allbutt^ also mentioned the possibil- 
ity of embolization from atheromatous 
ulcers into various organs, making 
special reference to syphilitic arteritis. 

Benson- reviewed the literature of 
aortic atheromata giving rise to emboli 
and comes to the conclusion that fhere 
is reason to believe that they are more 
common dian had been realized. 

Flory® is the first to describe in detail 
the microscopic lesions and interpret 
them as cholesterol emboli. He found 
these in the lumina of arteries of the 
kidney, spleen, pancreas and thyroid. 
Foreign body giant cells partly sur- 
round the acicular spaces. Flory found 
these lesions in arteries from 55 to 900p 
in external diameter. In these lesions 
the intima was found to be hyperplastic 
and giant cells are an almost constant 
associated finding. Occasionally tliere 
were hemosiderin-filled macrophages 
found in the luminal occlusion, suggest- 
ing an organizing embolus or previous 
hemorrhage. To confirm the impre^^’on 
that these lesions were embolic, ongl'^ 
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Rating in aortic atheromata, this author roma. Their special features were dis- 
scraped yellow material from several cussed above, 

fresh aortic plaques and suspended the Summary. 1. Embolization wth 
scrapings in physiologic saline solu- atheromatous material is far more fre- 
tion. Microscopically, this suspension quent than generally assumed. The 
contained cholesterol crystals, fat drop- • pathologist usually sees the late or 
lets and red blood cells. This material healed form which was described 
was injected into the ear veins of 2 recently by Flory and independently by 
rabbits, and lesions similar to the ones Meyer. Our first case belongs to this 
described above were found in the group. 

small arteries of the lungs, surrounded 2. The embolic material does not 
by leukocytes if the animal was sacri- necessarily come from aortic atlieroma 
Seed 24 hours after injection, and sur- but may occasionally arise in a systemic 
rounded by foreign body giant cells artery (coronary artery, Case 2) or 
and hyperplastic intima when sacrificed even in an atheromatous valve ring 
7 days after injection. In a review of (Case 5). 

autopsy material of 267 subjects likely 3. The acute phase of this process 
to have similar lesions, he found an may represent itself as a panarteritis 
incidence of 3.4%. Excellent illustrations with many eosinophils, necessitating 
are included in this paper. serial sections for elucidation of its true 

Meyer® described in detail 2 cases of nature (Case 2), Foreign body giant 
cholesterol embolization. One case cell formation and intimal thickening 
showed numerous lesions in the kidneys are later phases of this process, 
and in the pia-arachnoid, presumably 4. Scars, e.g., in the kidneys, may be 
arising from aortic atheromata super- caused by these emboli and microscopic 
imposed on a s}q>hilitic aortitis. The scarring of the myocardium likewise, 
other case showed numerous lesions in 5, Embolization with atlieroma ma- 
the kidneys, spleen, brain, gastrointes- terial should be regarded by the clini- 
tinal tract and some in the myocardial cian as an existing and not too rare 
arteries in the presence of moderately entit}'. Pathologists and neuropatholo- 
severe ulcerating atheromatosis of tlie gists should prove its presence in any 
aorta. The lesions he describes and given case. It is possible diat a good 
illustrates are essentially similar to number of cases of cerebral damage 
those described by Flory. may be caused by this type of emboliza- 

The findings in our 3 cases represent tion, as may be transient and perma- 
various aspects—some of them new— of nent impairment of visceral or peri- 
embolization with material from athe- pheral circulafa'on (toes, and so on). 

REFERENCES 

1. Allbutt, Sir T. C,; Diseases of the Arteries Including Angina Pectoris, New York, Mac- 
millan, 1915. 

2. Benson, R. L.: Arch. Path,, 2, 876, 1926. 

3. de Navasquez, S. J,; J. Path, and Bact., 49, SS, 1939. 

4. Dock, G.; Med. and Surg. Reporter, Philadelphia, 75, 1, 1896. 

5. Flor)^ C. M.: Am. J. Path., 21, 549, 1945. 

6. Hurrritz, A., and Arst, D. B,: New England J. Med., 238, 903, 1948. 

7. Le Count, E. H.; J. Am. Med. Assn., 70, 974, 1918. 

8. Meyer, W. W.; Virchow’s Arch. f. path. Anat, 314, 616, 1947. 

9. Panura, L. P.: Virchow’s Arch. f. path. Anat., 25, 308, 1862. 

10. Parks, H.: Ann. Int. Med., 16, 339, 1942. 

11. Plotz, M.; Am. J. Med. Sci., 215, 91, 1948. 

12. Porter, W. B., and Vaughan, E. W.: Am. J. Med. Sci., 200, 184, 1940. 

13. Saphir, O.; Am. Heart J., 8, 312, 1932. 

14. Schultz, A.; Centralbl. allg. Patli. u. path. Anat. 35, 314, 1924. 



IHE OCCUKKENCE OF CHRONIC CYANOSIS IN CASES OF 
ATRIAL SEPTAL DEFECT 


Br Abthur Selzer, M.D. 

ASSISTANT CLINICAL PROFESSOR OF MEDICINE 
AND 

Alvin E. Lewis, M.D. 

FELLOW IN PATHOLOGY 
SAN FRANCISCO, CALIFORNIA 


( From the Departments of Medicine and Pathology, Stanford University School of Medicine ) 


Roesler-®, Bedford, Pap and Parkin- 
son^, and Burrett and White® presented 
excellent reviews of clinical and patho- 
logic features of atrial septal defect, 
which is thus one of the best known 
syndromes in congenital heart disease. 
Atrial septal defect was classified by 
Abbott^ and others as a late cyanotic 
lesion, one associated with “cyanose 
tardive”®, terminal cyanosis due to a 
reversal of the direction of the intra- 
cardiac shunt which occurs ivith car- 
diac failure increasing pressure in the 
right auricle. Taussig®® stated recently 
that slight acrocyanosis due to dimin- 
ished blood volume and increased utili- 
zation of oxygen in the body may be 
present in atrial septal defect, but 
“there is . . . never the intense cyanosis 
and concomitant clubbing which are so 
characteristic of a venous-arterial 
shunt”. She states that if clubbing is 
present it is indicative of some addi- 
tional factor. 

Recent studies of arterial oxygen 
saturation in cases of atrial septal 
defect®-’^'^'* ®® have demonstrated vaii'- 
ing degrees of arterial anoxemia in 
patients who apparently were not in 
cardiac failure. We were prorided with 
the opportunity' of observing a patient 
who show'ed chronic cyanosis, polycy- 
themia and clubbing of digits and wbo 
at aiitonsy was found to have an 
uncomplicated atrial septal defect. The 
purpose of this communication is to 

f !;Tr>^ 


report this case, to rewew autopsied 
cases of atrial septal defect collected 
from the literature in which chronic 
cyanosis was observed and to discuss 
the possible causes of cyanosis associ- 
ated witli this lesion. 

Case report. A 35 year old college instruc- 
tor entered Stanford University Hosnitds for 
a diagnostic checkup on May 21, 1947. 

He was bom at term and was not a "blue 
baby”. Except for a slight tendency to breath- 
lessness, bis development was normal. At the 
age of 12, after a foot race he suddenly be- 
came extremely dyspneic and consulted a 
physician who told him he had a ‘le.ak)' 
valve” and restricted his activities. At the 
age of 24 he developed attacks of squeezing 
precordial pain of 1 to 2 hours duration 
usually related to emotional upsets. He was 
not reported then as being deRnifelv cvanotic. 
In his late hventies he developed clubbing 
of fingers. He was in reasonably good health 
and was moderately active, suffering from 
exertional dyspnea and attacks of precordial 
pain which were relieved by nitroglycerin. 
His hospitalization was promoted by a desire 
to find out whether lus cardiac dise.ase was 
correctiblc by surgery. 

Phusical examination revealed a tall, well 
nourished and develoned man who showed 
moderate cyanosis. His heart was .slicrhtly 
enlarged to the left. There was a diastolic 
shock felt. A loud second sound was heard 
ox’er the pulmonic area, but otbersrisc no 
abnormal auscultatory' findings wore reoorleo. 
After exercise there w.as a grade I blowing 
apic.al systolic murmur. Fingers and toes 
showed marked clubbing and cyanosis of the 
nail beds. His blood pre.ssurc was normal. 

Laboratort/ procedures. Blood count: Hg^- 
20.7 gm., rbc. 7.2 mil., packed cell volume, 
oS'ic, otherwise normal findings. Urinaly.sis 
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not remarkable. Circulation time (arm to 
tongue) 21 secs.; venous pressure, 7 cm. 
water; vital capacity, 3.4 liters. A 4 lead 
electrocardiogram showed right-axis deviation 
with diphasic T-waves in Leads 2 and 3. 
O.vygen saturation of venous blood was deter- 
mined after immersion of the hand in warm 


water to approximate arterial oxygen satur- 
ation and a value of 44% was obtained. 

Roentgen-ray studies. Chest roentgenograms 
revealed a striking prominence in the region 
of the pulmonary artery and its branches rvith 
rvidening of the upper mediastinal shadow, 
but only a moderate cardiac enlargement 


✓ 



Fig. 1. Roentgenogram of chest. 


Fig. 2. Right ventricle and auricle, showing hTOertrophy and dilatation of the right ventricle, 
dilatation of the right auricle and the defect in the atrial septum. 

Fig. 3. The aneur)'smal sac of die left branch of the pulmonai}' artery, lined nith thrombi. 
Fig. 4. A section tlirough the lungs showing a representative small branch of the pulmonai}’ 
arter)'; slight medial hj'pertrophy and intimal thickening but no proliferative changes. 
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(Fig. 1). The pulsations of the pulmonar}' 
artery segment were not considered abnormal. 

Course. The patient was discharged after 
a week’s stay in the hospital and he returned 
to work. In December of 1947 he was e-xam- 
ined in the out-patient clinic, and his condi- 
tion was reported essentially imchanged e.xcept 
that a definite systohc murmur was heard 
along the left sternal border and his packed 
cell volume was 61%. 

The patient was readmitted on June 7, 
1948, stating tliat 2 days previously he had 
developed anterior chest pain and had had 
repeated small hemoptyses. Immediately after 
amnission he complained of increasing chest 
pain, began expectorating blood, went into 
shock and died 1 hour after admission. 

Autopsy. At post-mortem examination club- 
bing of the fingers and toes was noted. There 
was marked hvidity of the dependent parts 
but no ankle or sacral edema. When the 
thorax was opened appro.ximately 1 liter of 
clotted and liquid blood was found in tlie left 
cavity, while the right side was almost dry. 
The pericardial space was obliterated by 
diffuse fibrous adhesions. The heart, emptied 
of blood, weighed 525 gm. The right atrium 
was voluminous and almost continuous xvitli 
tlie small left atrium through a defect about 
4 cm. in diameter (Fig. 2), The remnants 
of the interatrial septum were represented 
by a blunt low ridge of tissues on the inferior 
margin of tlie defect, lying near tlie midline 
above the interventricular septum. The right 
ventricle had thick trabeculations; its wall 
was about 5 mm. thick and its chamber ap- 
peared to have about twice the volume of 
that of tlie left ventricle which was 8 mm. 
thick. The pulmonar)' valve leaflets were 
normal but tlie circumference of the valve 
was 11.5 cm. The following additional meas- 
luements of valve circumference were ob- 
tained; tricuspid 15 cm., mitral 12 cm., aortic 
9 cm. The coronary’ vessels were open and 
free of sclerosis. The pulmonary artery and 
its left primary branch had a large aneurysmal 
dilatabon about 10 cm. in diameter partially 
filled with layers of tlirombus (Fig. 3). At 
the distal margin of this aneurysm there was 
a tear opening upon a large friable mass of 
clotted blood which replaced much of the 
pulmonary parenchyma of the left lung. This 
mass extended out into the pleural space 
through a tear in the pleura near the base. 
There was some old dense, white scar tissue 
in tlie region of tliis tear. The right primary 
branch was dilated but contained scattered 
atheromatous plaques in its wall. The left 
lung, which was filled witli blood, weighed 
700 gm.; it showed little crepitab'on and with 
pressure its cut surface e.xudcd large quan- 
tities of blood. The trachea and both bronchi 


contained some clotted and fluid blood. The 
remaining viscera were not remarkable. 

Microscopic examination. There was some 
thickening of the myocardial fibers of the 
right ventricle and the epicardial fat was 
replaced by loose fibrous tissue in all sections. 
In sections of the aneurysm tlie clot was 
composed of concentric laminae of thrombus 
in various stages of hyaUm'zation. There were 
capillary ingrowths and numerous leukocy'tes 
in portions of the thrombus near the wall. 
The adjacent vessel wall was flattened and 
contained occasional prominent strands of 
collagen among the elastic fibers of the media. 
In the region of the rupture the fibers of the 
wall were fragmented and the adventitia was 
heavily infiltrated with leukocytes. Sections of 
the right pulmonary artery revealed some 
atheromatous thickening in the vessel walls. 
The pulmonary parenchyma adjacent to the 
tear was almost obliterated by recent hemor- 
rhage and the more distant alveoli were filled 
wth blood. Scattered throughout both lungs 
were occasional areas of old and recent focal 
hemorrhage. In some of the foci the paren- 
chy'ma was replaced by granulation tissue con- 
taining many macrophages filled wth hemo- 
siderin. There were also a few areas wtli 
dense bands of fibrous tissue containing clus- 
ters of hemosiderin-filled macrophages. In sec- 
tions of tlie grossly noted thickened pleura 
there was dense fibrous tissue containing a 
few aggregates of lymphocytes and occasional 
leukocytes. The small arteries and arterioles 
of the lungs' were carefully inspected and 
showed slight intimal thickening (Fig. 4). 
No tlirombi were found. 

Comment. This is an instance of 
congenital heart disease xvith atrial 
septal defect in which the dilatation of 
the pulmonar)' artery assumed aneurys- 
mal proportions and the vessel finally 
ruptured. Pulmonary artery aneurysms 
occur not infrequently in association 
with atrial septal defects and other 
lesions causing large arteriovenous 
blood shunts, but rupture of such 
aneurysms is very rare. 

Clinically, this patient fulfilled most 
of the criteria for the diagnosis of atrial 
septal defect except for the occurrence 
of chronic cyanosis, clubbing of digits 
and polycythemia. 'These features 
appear to have developed during the 
last 10 years of life and were progres- 
sive. At no time was there any evidence 
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of cardiac failure, and the patient was 
moderately active until shortly before 
his death. 

Pathologic features of this case were 
in accord with the concept of a sizable 
left-to-right blood shunt: dilated right 
auricle and a small left auricle; hyper- 
trophy and dilatation of the right ven- 
tricle but none of the left ventricle; 
finally dilatation of the pulmonary 
artery. It is noteworthy, however, that 
although there were atheromatous 
changes in large pulmonary vessels, 
there were none of the obliterative 
changes in die small pulmonary arteries 
and arterioles usually associated with 
chronic pulmonary hypertension. 

Cases collected from the literature. 
A group of 180 cases of proven atrial 
septal defect widi or without con- 
comitant mitral stenosis (Lutembacher 
syndrome) were reviewed. These were 
taken from the following sources: 
Abbott’s^ chart contained 73 such 
cases; Roesler s^° review presented 62 
cases, 37 of which were not duplicates 
of Abbott’s cases. McGinn and White^"' 
reviewed 24 cases of the Lutembacher 
syndrome, and 7 of these were not 
included in previously named series. 
Burdett and IVhite® presented a review 
of 31 recent cases. Welch and Kinnev^^ 
25 cases, and Dry^^ 4 cases. Three other 
case reports were used^®'^^’^'^. Of these 
180 cases, 11 were thought to renresent 
atrial septal defect wth chronic cya- 
nosis. These cases were accepted in the 
presence of a history or observation of 
longstanding cyanosis and one or both 
of objective confirmatory signs: club- 
bing and polycythemia. The pertinent 
pathologic findings in these 11 cases 
and in our case are presented in Table 
1 . 

It is shown that cyanosis was present 
since birtli in 2 cases and in the major- 
ity of otliers it appeared in tlie second 
decade of life. Cyanosis was described 
in most cases as moderate, in some as 
severe. Clubbing was present in all 


cases except one. Polycythemia was 
reported in 7 of the 8 cases in which 
blood counts were recorded. Eight 
patients died of heart failure, 3 from 
other causes. 

The heart was reported as enlarged 
in all but one case. In most cases severe 
hypertrophy was present, usually lim- 
ited to the right ventricle. The defects 
varied from moderate sized ones to an 
almost complete absence of the atrial 
septum. In 2 cases multiple defects 
were reported. There was no uni- 
formity in the location of the defects. 
Some were reported as widely patent 
foramen ovale, odiers as persistent 
foramen primum. In cases with ver)^ 
large defects, identifying landmarks in 
the atrial septum were obliterated. In 
11 cases description of the pulmonary 
artery was available: it was reported as 
small in 1, normal sized in 3, moder- 
ately dilated in 2 and of aneurysmal 
proportions in 5. Complicating mitral 
stenosis, apparentl)^ rheumatic in origin, 
was recorded in 3 cases. In 1 of them 
the degree of mitral stenosis was prob- 
ably severe enough to have affected 
hemodynamics, in the otlier 2 it was 
mild. 

The sex incidence in this series was: 
males 8, females 4. The youngest 
patient was 16, the oldest 44 years of 
age. 

Discussion. It is shovm beyond any 
doubt that cyanosis not related to car- 
diac failure may occur in cases of atrial 
septal defect with or wdthout compli- 
cating mitral stenosis. The degree of 
cyanosis and of the accompanpng poly- 
cythemia and clubbing, and the age of 
their onset, places some of these cases 
very definitely in the cyanotic group of 
congenital heart disease. They consti- 
tute only a small fraction of the total 
number: 7% of the reported cases exhib- 
ited definite chronic cyanosis. 

The fact that atrial septal defect may 
take tlie form of morbus caeruleus 
introduces a new problem in the differ- 


TABLE 1.— FINDINGS IN 12 CASES OF ATRIAL SEPTAL DEFECT WITH CHRONIC CYANOSIS 


520 
















































































SELZER, LEAVIS; CHRONIC CYANOSIS IN ATRIAL SEPTAL DEFECT 


521 


ential diagnosis of congenital heart 
disease. Our case illustrates the simi- 
larity between the Eisemnenger com- 
plex and the cyanotic form of atrial 
septal defect. In both of these con- 
ditions roentgenographic and electro- 
cardiographic findings are identical, 
and even physical findings bear a close 
resemblance in that systolic murmurs 
located in the apical area and the lower 
left sternal border occur in botli syn- 
dromes, and early diastolic pulmonar}' 
murmurs ma)' be present in either case. 
With cyanosis, moderate in degree, 
appearing in late childhood, differential 
diagnosis between the Eisenmenger 
complex and die atrial septal defects 
may be impossible by ordinaiy^ means 
and may have to rest entirely upon die 
result of venous catheterization of die 
heart. 

In addition to the diagnostic diffi- 
culty this problem calls for an answer 
to a fundamental question, which we 
shall attempt to discuss: Is cyanosis 
associated nrith atrial septal defect due 
to die congenital defect itself, or to 
complicating and secondary factors? 

Since Lundgaard and VanSlyke’s^® 
studies and Abbott’s^ applicadon of 
dieir principles to congenital heart 
disease, venous arterial blood shunt was 
regarded as the main cause of chronic 
cyanosis in congenital morbus caeru- 
leus. In die recent years another mecha- 
nism has been suggested in some cases 
of congenital heart disease: BunvelF 
and then Taussig and Blalock^'^ thought 
that in die Eisenmenger complex 
incomplete oxygenation of the blood in 
die lungs may be responsible for arter- 
ial anoxemia. Brannon, Weens and 
Warren^, and Massee^® thought that 
obstructive pulmonari' disease and 
diflRculty in oxi^gen diffusion in the 
lungs were responsible for arterial 
anoxemia in dieir case of atrial septal 
defect associated m’th cyanosis. This 
was based on die fact diat in it die 
right ventricular and pulmonary arterial 


pressures were very high and arterial 
ox)'gen saturation rose in response to 
breathing of pure ox)^gen. In another 
case of atrial septal defect (not autop- 
sied) Handelsman et found low- 
ered arterial oxy'gen saturation and 
high pulmonaiy^ arterial pressure, but 
interpreted their findings as indicative 
of a predominant right-to-left intra- 
cardiac shunt due to increased resist- 
ance of the pulmonary vascular tree. 
Taylor et alP studied a group of 
patients with atrial septal defects 
clinically with the aid of venous cath- 
eterization of the heart and found 
occasional subnormal values of arterial 
oxygen saturation. These authors 
explain it on a basis of venous-arterial 
blood shunt, which, they think, may 
occur in a very large defect, where the 
2 auricles form a common chamber. 

Thus, 3 ways have been suggested 
in which arterial oxygen satiiration 
could be lowered in cases of atrial 
septal defect. Two of them necessi- 
tate the presence of a complicating 
factor: pulmonary vascular sclerosis or 
pulmonar)'^ h)q)ertension; tlie third one 
calls for die presence of a very large 
defect. 

Reviewing the padiologic findings in 
cases of atrial septal defects \rith 
cyanosis (Table 1) and the physiologic 
data accumulated in the last few years 
bv catheter studies, one can confidentlv 
dismiss the possibilit)' diat pulmonan' 
oxygen exchange is interfered with in 
all such cases. Pulmonar}'^ r^ascular 
sclerosis w'as not a consistent finding in 
cyanotic cases. In our case it w'as spe- 
cifically searched for and found not to 
be present. In addition, no proof has 
been offered diat pulmonar}’ vascular 
changes per se, without changes in die 
lungs, impede oxygen exchange. The 
conclusii^e eiidence has been prorided 
by successful determinations of the 
o.xygen saturation of pulmonar}' venous 
blood wiiich w'as found to be normal; 
Handelsman et ah reported that in 16 
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cases the pulmonar)' vein was catheter- 
ized and the blood was fully saturated 
TOth oxygen. Details were not given 
and it is not known whether some of 
these cases were cyanotic. More signif- 
icant are cases reported by Dexter 
et and Taylor et alr^, each of 
whom reported 1 case in which arterial 
anoxemia was present but the blood 
returning from the lungs was fully sat- 
urated with oxygen. Until and unless 
conclusive evidence is presented that 
pulmonar}' venous blood may be anox- 
emic, pulmonary factors in the produc- 
tion of cyanosis in atrial septal defects 
can be dismissed and intracardiac shunt 
can be taken to be the sole cause of 
ano.xemia. 

The second possibility, that pressure 
relationships cause a predominantly 
right-to-left interauriciilar shunt, does 
not fit in until the clinical facts and 
the postmortem findings. Handelsman 
et al.^* based tlieir views on a clinically 
studied case in which the calculated 
svstemic flow was 4 times larger than 
the pulmonar}' blood flow. If these cal- 
culations were correct, this case would 
most likely be an e.\'ception rather than 
an average case, as the intense pulmon- 
ary' congestion usuall}' noted during 
life, the postmortem findings of a large 
right auricle, the small left auricle, the 
dilatation of the right ventricle and 
pulmonary' artery', the small aorta are 
all incompatible with a large systemic 
and small pulmonary' blood flow. Also, 
similar calculations by other authors^^ *® 
ha\'e shown the s^'stemic flow to be 
smaller than the pulmonary' flow even 
in the presence of arterial anoxemia. 

Clinical and pathologic findings in 
cases of atrial septal defect wth chronic 
cvanosis show the same indirect e\'i- 
dence of a large venous-arterial blood 
shunt as in cases without cvanosis. Such 
findings spe,ak strongly against the pos- 
sibiliri’ that pulmonar\' arterial sclerosis 
or other factors lead to a permanent 
overall right-to-left shunt in cy'anotic 


cases. In cases of atrial septal defect 
the pressure in the left auricle is higher 
than in the righU®. It is not known 
whether this relationship is reversed in 
the presence of high right ventricular 
pressure unless right ventricular fail- 
ure wth diastolic hypertension ensues. 
It should be noted that in the Lutem- 
bacher syndrome, the addition of mitral 
stenosis would accentuate the left-to- 
right shunt, and yet chronic cyanosis 
may' occur in such cases as well as in 
uncomplicated atrial septal defects. All 
these arguments make a change in 
pressure relationship between the aur- 
icles and a resulting permanent overall 
right-to-left shunt very' unlikely. 

The possibility of free mixture of 
venous and arterial blood in cases 
where both auricles would form a sin- 
gle functional chamber seems to offer 
the best e.vplanation for cy'anosis asso- 
ciated wth very' large atrial septal 
defects. In such a case venous blood 
from the systemic circulation and fully' 
oxygenated pulmonary' venous blood 
could mix freely and ihe o.xygen satur- 
ation of this mbcture would lie between 
the values of the arterial and the 
venous blood. This mixed blood would 
then flow into bodi ventricles and 
gravity'^® or higher pressure on die left 
side could force more of it into the 
right heart than the left, causing 
unequal outputs of the 2 ventricles. 
The free mixing of blood in a single 
auricle could, but need not, take place 
in every' case since most of the blood 
could follow the normal direction even 
with an absent septum, and mixing 
could be minimal. 

Free mixing of blood in cases of a 
complete or almost complete ab-sencc 
of the atrial septum offers an e.Yplann- 
tion of cyanosis consistent irith cardi- 
odx'namics on one hand and with the 
pathologic relationship of the ventricles 
and great vessels as found in these 
cases on the other hand. A disturbing 
fact, however, is that in this series 
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there is no uniformity in the presence 
of very large septal defects: only one 
case was actually reported as a “triloc- 
ular heart”^® wifh a single auricle, and 
of the remainder, our case and 3 others 
could be regarded as very large defects. 
The rest should be classified as moder- 
ate sized defects, single or multiple. 
One is impressed by die fact that the 
gross pathologic findings in the 12 
cyanotic cases, especially the size and 
location of the defects, present a good 
cross section of the 180 cases of atrial 
septal defect. 

Another possible mechanism of cyan- 
osis has occurred to us, namely a direc- 
tional flow of venous blood into the left 
auricle. If proper anatomic conditions 
existed, namely a certain relationship of 
one of the venae cavae to the septal 
defect, one could visualize a stream of 
blood thrown directly into the left 
auricle during the part of the cycle 
when pressure differences between 
auricles are smallest. This need not 
interfere with the large left-to-right 
shunt during the remainder of the 
cardiac cycle. The occurrence of such 
streamlining of blood in the fetal circu- 
lation has recently been reaffirmed^: in 
the fetus such a mechanism causes the 
reverse, namely oxygenated blood from 
the placenta arriving through the 
inferior vena cava is shunted directly 
into the greater circulation. 

The possibility of a streamline blood 
shunt in atrial septal defect is specula- 
tive but attractive, as it would best 
explain apparent inconsistenc)' behveen 
the presence of venous blood in the 
greater circulation and a large left-to- 
right interauricular blood shunt in cases 
where free mi.\'ture would not appear 
h’kelv because of the modest size of 
the opening. Since such a mechanism 
would be caused by an anatomic 
chance it would explain the occurrence 
of cyanosis in some cases and its ab- 
sence in others, and die lack of corre- 
lation between the presence of chronic 


cyanosis and the gross anatomic 
findings. 

Since cyanosis, clubbing and polycy- 
themia are clinical manifestations of 
higher degrees of arterial anoxemia, 
one might ask whether arterial anox- 
emia insufficient to cause visible cyano- 
sis is a common or constant feature of 
atrial septal defect. The answer is pro- 
wded in the reports of arterial oxygen 
saturation values in cases diagnosed by 
venous catheterization of the heart. 
Such readings are reported in 17 
cases®-^^'^^'®®: in 5, normal values were 
found (saturation of 95% or more); in 
9, minimal anoxemia was present 
(values between 88% and 95%), and 
3 patients had definitely anoxemic 
values: 79%, 70%, and 67% respec- 
tively. These findings indicate that 
small quantities of venous blood fre- 
quendy enter the left auricle, and in a 
small proportion of cases large quan- 
tities find their way into die greater 
circulation. 

Summary and Conclusions. 1. A case 
is presented of a large atrial septal 
defect in a 35 year old man who 
showed the triad of chronic cyanosis, 
polycythemia and clubbing of the 
digits, and who died of rupture of an 
aneurysm of the pulmonary artery 
\vithout ever exhibiting ewdence of 
cardiac failure. 

2. A review of 180 proven cases of 
atrial septal defects vnth or without 
concomitant mitral stenosis reported in 
the literature showed diat in 11 patients 
persistent and longstanding cyanosis 
not associated with cardiac failure was 
present. 

3. Pathologic findings in these cases 
did not differ from those in other, non- 
cyanotic cases. Large defects invohfing 
most of the atrial septum were com- 
mon among cyanotic cases but there 
was no apparent relationship between 
the size of the defect and the presence 
of cyanosis. 

4. The pathogenesis of cyanosis 
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associated wdtli atrial septal defects is large volume of blood being shunted 
discussed. Deficient pulmonary o.Y)'gen- from tlie left to tlie right auricle, the 
ation is not regarded as a likely factor most likely cause of eyanosis appears to 

in tlie production of cyanosis, nor is a be a free mixing of blood in \'er}' large 

changed pressure relationship in the septal defects and, or, anatomic con- 
auricles leading to a persistent venous- ditions permitting a stream of I'enous 

arterial blood shimt. With die clinical blood from die great veins to enter the 

and pathologic eiddence pointing to a left auricle direcdy. 
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A STUDY OF 22 CASES OF CARRION’S DISEASE WITH 
INTERCURRENT MALARIA* 


By William E. Ricketts, M.D.f 

INSTRUCTOR IN MEDICINE 
CHICAGO, ILLINOIS 


In tlie last century before the etio- 
logic agents of malaria and Carrion’s 
disease were known, many interesting 
associations were noted between the 2 
diseases. In 1887 Tupper^® found tliat 
Verruga Peruviana was present in an 
area where malaria was also endemic 
and unfortunately many persons con- 
tracted both diseases. Carrion® noted 
tliat the geographical distribution was 
similar but pointed out that malaria 
and Verruga Peruviana occur inde- 
pendently of each other but can co- 
exist in me same person. Dounon® con- 
cluded that the 2 diseases had a similar 
pathogenesis and Odriozola^^ found 
that similar conditions were necessary 
for the life of the etiologic agents in 
these diseases. Garcia-Merino^ corre- 
lated the presence of flood waters with 
the onset of epidemics of Carrion’s 
disease. Today it is knoum that botli 
diseases are transmitted by mosquitoes: 
malaria by Anopheles and Carrion’s 
disease by tlie phlebotomus®. 

The present report is a study of the 
relationship between Carrion’s disease 
and malaria, as observed in a group 
of 22 cases found to have both diseases. 

Malaria parasites were found in 
smears of the peripheral blood in all 
of the 22 cases of tliis series. Tlie type 
of plasmodia were: P. vivax in 18, P. 
falciparum in 2, and P, mahriae in 2 
cases. In 3 patients the malaria para- 
sites u'ere demonstrated in the peri- 
pheral blood following Bartonella bacil- 
liforinis anemia, hereafter, B.b.a. (Oro- 


ya Fever), in another 3 during tlie pre- 
emptive stage, and in 16 during tlie 
emptive stage of the bartonellosis with 
vermgae in the skin. 

Malaria and Carrion’s disease may be 
contracted at the same time or one 
may precede the other. Patients witli 
severe B.b.a. ivhich were followed by 
malaria showed clinical features which 
were atypical for botli diseases. The 
fever ivas irregular and without the 
characteristic periodicity of malaria, 
there was profuse sweating, enlarge- 
ment of the spleen, and frequently a 
macrocytic or normocytic normo- 
chromic anemia witli monocytosis vary- 
ing from 8 to 20%, These symptoms and 
signs do not occur in uncomplicated 
cases of B.b.a. 

Vflien malaria w'as contracted dur- 
ing the eruptive phase of the verrugae, 
die malarial seizures were usually t)Tii- 
cal and easily recognizable with chills, 
high fei'er and sweating occurring 
periodically ever)’’ day, or everj^ second 
or diird day. Tlie morphological aspect 
of tlie vermgae changed rather sud- 
denly, they lost dieir turgescent appear- 
ance and disappeared rapidly. Other 
verrugae assumed a dark violaceous 
color from thrombosis or hemorrhage. 
The pains in the bones and joints which 
were usually present during the pre- 
emptive stage and disappeared with 
the emption of vermgae again reap- 
peared. Tlie hematological findings in 
cases wnth malaria during the emptive 
stage of Carrion’s disease \vere quite 


® This study was made in Lima, Peru, from 1938-1943 at five different hospitals: Dos de 
Mayo, Arzobispo Loaiza, San Bartolome, Del Nino, and Matemidad. 

f Now at the Frank Billings Clinic, Department of Medicine, University of Chicago. 
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t)'pical of malaria \vithout any features 
of B.b.a. In this series of 22 cases \rith 
both diseases, monocytosis was found 
in every one and splenomegaly in 20 
cases (91%). 

Report of Cases. The following 2 
cases illustrate malarial seizures during 
tlie eruptive stage of Carrion’s disease. 

Case 1. E. R., a 28 year old, single, Per- 
uvian soldier, had malaria for many years 
with the last seizure in 1935. In February 
of 1941 he was sent to an area where Car- 
rion’s disease is endemic. In the 3rd week 
of February he developed malaise with a 
fever fluctuating between 38° and 39° C., 
anemia and slight icterus of the skin and 
sclera, dizziness, cramps in tlie epigastrium, 
nausea and occasional vomiting. In tire first 
week of March the fever gradually disap- 
peared, his appetite impror’ed and for the 
first time he experienced pain in the various 
bones and joints. This episode apparently 
corresponded to a B.b.a. On March 19th 
die patient experienced a chill followed by a 
fever lasting a few hours, profuse swearing 
and vomiting. This sjanplomatologj' recurred 
twice every other da)’ at the same hour of 
the day and disappeared after intensive anti- 
malarial treatment witli quinine. Red pointed 
cutaneous nodules then appeared and the 
pains in the bones and joints of the feet 
became so intense tliat hospitalization became 
necessary on May 30th, 1941. The patient 
appeared as a well-developed but emaciated 
man uith slight anemia, a soft non-transmit- 
ted s)’SfoIic murmur at the apex of the heart 
and an enlarged hard spleen extending to 
the level of the umbilicus. Many red nodules 
in regression were present, especially on the 
lateral surfaces of tire legs. The urine e.xami- 
nab'on was negative and no parasites could 
he found in the stools. The erythrocytes were 
3.3 million per c. mm., 7700 leukocytes (48% 
granulocytes, 107 monoc)'tes, 42? Ix’mpho- 
crles). No malaria parasites were found. 
.•\nalgc.sics were given and the patient 
remained afebrile during the first week of 
hospitalization. On June 1st he was seized by 
a chill followed by fever and profuse sweat- 
ing; this rccuiTcd on the 6th of June and 
on that d.av P. ciertx was dcmon.strafcd. After 
antimalarial treatment, the patient remained 
afebrile until his discharge on the SOth of 
June. TJ)e red cell count incren^ed to 3.8 
million per c. mm. and the size of the spleen 
was unchanged. 

Cssn 2. B. C., a 54 vear old, single, male 
had experienced several episodes of malaria 
in the preceding 7 years. In April 1941 he 


reimuned for 2 months in an area’ where 
both Carrion’s disease and malaria are 
endemic. On the 20th of June he developed 
chills followed by fever, which recurred the 
follou'ing morning at the same hour. Despite 
quinine medication the fever continued, 
anemia and slight icterus developed and the 
pain in the bones became quite intense. He 
also had migratory pains in tire joints of the 
left wrist, elbows and feet and when the)’ 
were located in the maxilla they were so 
severe as to make it impossible for him to 
masticate food. Pain was also present in the 
left upper quadrant of the abdomen and he 
was told that he had a “big spleen’’. In the 
first week of August, edema of tire lower 
e.xtremities was noticed. On admission on 
August 20th, 1941, he appeared well 

developed, undernourished, uith marked 
anemia and pallor of the skin, and a he.irt 
normal in size with soft and non-propagated 
hemic murmurs. The spleen reached the level 
of the umbilicus in the left mid-cla\icular 
line. A few small hmph nodes, the size of a 
pea, xvere noted in the neck, a.xilla, epitroch- 
lear and inguinal regions. Urine examination 
was normal. The erythrocyte count was 3.82 
million per c. mm.; 8000 leukocytes (56? 
granulocytes, 1? eosinophils, 18? monocytes 
and 25? bmphocytes). The fever contimiccl 
to fluctuate between 37° and 38° C. for 
nearly a month and tlien subsided. The pains 
in the bones and the joints persisted but 
finallv disappe.arcd altogetlier on the 22n« 
of October. A few pinpoint verrugae became 
visible and rapidly increased in size, the 
anemia improved markedly, the pains faded 
away and the patient was discharged on the 
15th of Nor’ember, 1941, in ver)’ good general 
condition. Approximatelv one week after his 
discharge the chills and fever, recurred, the 
pains in the bones and joints reappeared .and 
a m.arked involution and disappearance of 
many of the vemigae wa.s noted. T. vicnr 
was found in the smears of the nerin'ieral 
blood. Quinine was again given with clis-'n- 
pearance of the malarial manifestations. Tlv’ 
spleen decreased only slightly in size. 

It i.s po.ssible that this patient con- 
tracted malaria and Carrion’s disea.se 
at the same time. 'Tlie vemigae regres- 
sed rapidlv after a recurrence of v’ivax 
malaria. 

Case -3. V. C.. n 17 vcir old Indian f.arn- 
workcr who bid lived all of bis life in the 
high mountains of Pcni, in December of 
19-39 visited an area where Carrion’s disease 
is endemic. Two months later he was sud- 
denly seized vltli a chill whicli vvas followed 
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by fever. The chills did not recur but the 
fever was continuous for nearly one month. 
The patient became pale and anemic with 
extreme malaise, dyspnea on effort and anor- 
exia; quinine was given without any improve- 
ment. He then moved to an area where Car- 
rion’s disease does not exist but where malaria 
is endemic, and here he promptly recovered. 

In August, 1940, he noticed several red 
points in the skin which grew to tire size of a 
pea, representing tlie eruptive stage of Car- 
rion’s isease. In the 2nd week of August 
chills occurred every day at noon, followed 
by high fever which lasted only a few hours, 
profuse sweating, anemia, cough and muco- 
purulent ex'pectoration. The patient came to 
the Dos de Mayo hospital in Lima on Sep- 
tember 2nd. He appeared to be a well- 
developed, well-nourished pale young man 
with profuse sweating and murmurs noted 
at the apex of the heart and with an enlarged 
spleen reaching almost to the umbilicus. Ver- 
rugae of pinpoint to pea size were distributed 
irregularly over the skin, but mainly on the 
lateral surfaces of the legs, most of them in 
regression. There were also several round 
hyperpigmented areas, 1 cm. in size, corre- 
sponding to the locations of previously im- 
planted verrugae. The urine examination was 
normal. Blood counts: 2 million erythrocytes 
per c. mm., 8300 leukocytes, 12.6 hemo- 
globin, and 28.35 hematocrit. The differential 
count showed 35% granulocytes (metamyelo- 
cytes 2%, stab cells 11% and segmented cells 
22%), 3% basophils, 4% monocytes and 58% 
lymphocytes. P. vivax was demonstrated in 
the blood smears. Under quinine treatment 
the spleen decreased markedly in size and, 
on September 21st when the patient was dis- 
charged, it could no longer be palpated. 

This case illustrates an intense 
anemia, resistant to quinine treatment, 
corresponding B.b.a. contracted 2 
montlis earlier while in an area where 
Carrion s disease is endemic. Later dur- 
ing the eruptive stage of the disease 
the patient had a vivax malaria. 

Case 4. V. Ch., a 20 year old, single, 
Indian miner, came from an area where 
Carrion’s disease and malaria are botli 
endemic. In the second week of March, 1938 
he developed malaise, loss of appetite, vom- 
iting and a productive cough, \ritli muco- 
purulent sputum. He entered the hospital on 
die first of April. Blood counts: (April Srd) 
2.4 million ery'diroc}'tes and 6900 white cells 
per c. mm. ( granuloc)'tes 43%, eosinophils 4%, 
monocji:es 12% and IjTnphocytes 41%); there 


were 2 normoblasts per 100 leukocytes. Six- 
weeks later the patient left die hospital 
markedly improved. In the 2nd week of May 
he noticed pains in the bones of the extremi- 
ties especially in the right shoulder. Pin point 
verrugae in the skin was noticed die first 
week of June. The patient came to die hos- 
pital on the 4th of August to have a verruga 
of die left lower lid removed surgical!)'. 
Besides diese verrugae, the only abnormal 
finding was an enlarged spleen reaching 2 
fingerbreaddis below die left costal margin. 
The blood counts on admission were as fol- 
lows: erythrocytes 5.82 million per c. mm., 
leukocytes 9000. On the 11th of August the 
patient developed suddent chills. Blood 
counts: 3.89 million erythrocytes per c. mm., 
5900 leukocytes (65% granulocytes [14% stab 
cells and 51% segmented forms], 4% eosino- 
phils, 1% basophils, 12% monocytes and 18% 
lymphocytes). Several ring forms of P. 
falciparum were found. The fever and odier 
s)'mptoms disappeared with antimalarial 
treatment and most of the verrugae regressed 
quite rapidly. 

Carrion’s disease and a falciparum 
malaria were apparently contracted at 
the same time by this patient. Because 
of his splenomegaly, profuse sweating 
and monocytosis, he was given quinine 
widi remission of his fever and anemia. 
The diagnosis of malaria complicating 
Carrion’s disease was later confirmed. 

Case 5. O. B., a 21 year old Perurian, 
spent 4 days in the last week of April, 1941, 
in an area where Carrion’s disease is endemic 
and then went to work in a place where 
malaria is endemic. On June 7tii, 1941, he 
noticed malaise and profuse sweating followed 
by a high and continuous fever. The patient 
became anemic and was bedridden in the 
second week of June, continuing xvith the 
high fever despite the intensive antimalarial 
treatment. He developed headaches and on 
several occasions epistaxis and bilious vomit- 
ing along TOth anore.xia, marked polydypsia, 
sweating with cramps occurring in botli feet. 
Later he became delirious, describing imagi- 
nar)' animals and numerous lights of different 
colors. The urine became very dark. There 
were also severe pains in the muscles of the 
extremities. He was hospitalized in Lima for 
further treatment on June 2nd, 1941, and 
appeared pale, undernourished, acutely ill 
with enlargement of the spleen 2 finger- 
breadths below the costal margin. L)’mph 
nodes the size of a pea, semi-hard and non- 
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tender, were palpated in the cenical, axillar}', a marked clinical improvement, the tempera- 
epitrochlear and inguino-cniral regions. The hire oscillated between 87° and 3S° C., and 
pulse was 110, respirations 36 per minute, the erj'throcj'te count rose. On July lOtli he 

blood pressure 115/85. The erythrocyte again developed fever preceded by chills, the 

count was 1.13 million per c. mm., hemo- er}'throc)'te count dropped from 2.11 to 1.7 
globin 6 gm., wliite coimt 8920, reticulocytes million on July 12tli, when a few ring forms 
10.2%, and hematocrit 11.55. A few barton- of P. vivax were found in the blood. After 

ellae were noted in the smears of the peri- intensive antimalarial treatment with quinine 

pheral blood. In the ne.\‘t few daj’s there was and atebrine the patient recovered. 
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Fig. 1. Patient with erupted verrugae and anemia. The treatment of an intercurrent 
malaria was followed by decrease in the number of monocjles and a rise in the erj'throcytc 
count. 



Fig. 2. Recoveiy phase of Bartonella bacilliformis anemia which w.is followed by a 
malaria infection. Ilic solid lines rcpre.scnl a marked severity of sjanplonis; the light line 
indicates a lesser degree of severitj', and the cmplj’ blocks represent an nlisencc of sj-mptoins. 
The greater the distance between lines, the less marked arc the sjanploms. 
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tion in over one-fourth of the hospital- 
ized cases^^’^'*. Several features of inter- 
current malaria, such as intermittent or 
remittent fever, profuse sweating, 
monocytosis and splenomegaly, were 
originally attributed to Carrion’s 
disease itself. In this series of 22 cases 
proven to have both diseases, mono- 
cytosis was found in every one and 
splenomegaly in 20. Arce^ had prev- 
iously emphasized that splenomegaly 
does not occur in uncomplicated cases 
of Carrion’s disease. 

The immunological course of Carri- 
on’s disease seemed little affected by 
the malaria and in several cases the 
bartonella disappeared from the red 
cells as the malaria organisms increased 
in number. This observation agrees 
wth the findings of Noguchi^® who 
experimentally infected monkeys with 
B. bacilliformis and plasmodia and 
found that the development of malaria 
during convalescence from bartonel- 
losis did not change tlie course of the 


latter. Even the combination of splen- 
ectomy and malarial inoculation did 
not significantly alter the course of tlie 
experimental bartonellosis. No fatalit}' 
occurred in tlie present series of cases 
witli both diseases. 

Summary. A study is presented of 22 
cases of Carrion’s disease ivith inter- 
current malaria. In 3 of tliese patients 
who developed malaria following B. 
bacilliformis anemia (Oroya Fever) it 
was observed that the clinical features 
were atypical for both diseases. Three 
cases had malaria in tlie preemptive 
stage and 16 during die eraption of 
verrugae. Tlie malaria seizures in tiiis 
last group were typical and easily 
recognizable, the vermgae rapidly 
regressed and disappeared. Monocy- 
tosis was found in every case of this 
series and splenomegaly in 20 (91!2). 
The immunological course of Carrion’s 
disease was litde affected by the inter- 
current malaria. 
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Gynecomastia is a phenomenon seen 
in association witli many diverse and 
apparently unrelated diseases. It has 
generally been ascribed to a derange- 
ment of endocrine function involving 
one or several glands. The study of 
estrogen metabolism in association 
with breast enlargement has been the 
subject of a number of papers, but 
there is still some controversy as to 
the quantitative relationship. In addi- 
tion, the correlation of liver disease 
and feminizing changes has attracted 
much interest in recent years, although 
it was first noted by Corda**^ in 1925. 

In the present paper we shall empha- 
size several of tlie unusual features of 
diis entire subject. We have studied a 
case of unilateral gynecomastia witli 
relation to endocrine titers, liver 
function studies, liver biopsies, effects 
of administered estrogens, and relation 
of improvement in liver function to 
feminizing features, and will attempt 
to correlate all tliese findings in the 
following discussion so tliat tliey may 
serve as a basis for a clearer under- 
standing of tlie problem and as a 
means for quantitative studies in other 
patients. Tlie relation of estrogen 
metabolism and liver disease to g}me- 
comastia has been repeatedly empha- 
sized because tlie liver is tlie principal 


organ responsible for estrogen inacti- 
vation and conjugation. 

Methods. The determination of the various 
endocrine titers was performed by a combi- 
nation of several previously described methods 
as modified by Dr. G. R. Kingsley of our bio- 
chemical laboratories. The extraction and 
purification of the urinary estrogen was car- 
ried out by the procedure outlined b)' 
Salter2<>. The colorimetric determination of 
the purified estrogen was carried out accord- 
ing to the procedure outlined by Cohen and 
Bates®. The free estrogens were determined 
by extracting unhydrolyzed mine by tlie 
method of Salter. The determination of 
urinary pregnandiol was accomplished by our 
modification of the method of Goldzieher®. 
The total 17 keto-steroids were determined 
by a modification of the methods suggested 
by Dreckter® and Pincus®®. 

Serial liver biopsy studies were made 
using tlie intercostal approach with a Vim- 
Silverman needle. Breast measurements were 
made witli a fle.xible ruler using a central 
point stained with indelible dye to insure the 
same point of measurement each time. Testic- 
ular measurements were made with the same 
flexible ruler. 

Case Summary. History: A 30 year old 
Mexican male was admitted to the hospital on 
August 25th, 1948, xvith a history of a run- 
ning nose, headache, a productive cough 
until thick yellow sputum, fever, and a dull 
aching in die left chest region for tlie pre- 
ceding 3 weeks. For 10 days before entr}% 
he had noted a dull aching pain in the right 
upper quadrant aggravated by ingestion of 
food, marked weakness, the appearance of a 
yeUow tint to the sldn, golden-colored urine. 
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and light-colored stools. He had had consid- 
erable nausea wth occasional vomiting for 
several days before entry. 

He gave a past history of having ingested 
1 to 2 quarts of wine daily for 14 years. Dur- 
ing tliis time, his diet had been very inade- 
quate and he had not eaten at all on the days 
on which he was drinking heavily. A dietary 
analysis revealed a defieiency in total calories, 
all vitamins, and a low protein intake (See 
Table 1 ) . The patient stated that he had 
noted a unilateral enlargement of his left 
breast, a gradual loss of pubic, chest, and 
axillary hair, a gradual loss of libido, and an 
inability to conduct intercourse satisfactorily. 
These sjanptoms had all appeared during the 
past 12 to IS months and had been pro- 
gressive. 

Physical Examination: On entry, the patient 
had a temperature of QO.S”, pulse 96, and 
respirations 24. He was markedly icteric and 
appeared chronically ill. The nasal mucous 
membranes were markedly engorged, but tlie 


chest Roentgen-rays 2 weeks later revealed 
clearing of the pneumonic area. Liver biopsy 
shortly after entry' revealed portal cirrhosis 
xHtli conspicuous fatty changes of the liver 
cells (Fig. 1). 

Course in Hospital: Following resolution of 
the pneumonic process xvitli penicillin ther- 
apy', a number of basal determinations were 
made, including liver biopsy', breast size 
measurements, testicular measurements, com- 
plete endocrine studies, and an accurate 
count of botli large and small spider angio- 
mata. The patient then received amniotin 
(estrone in oil) in a dosage of 40,000 units 
intramuscularly' daily for 1 week, followed 
by' 120,000 units intramuscularly daily for an 
additional week. At the termination of estro- 
gen admim'stration, during which time the 
patient had no symptoms, the size of the 
left breast had increased slightly in diameter, 
no change in hair growth was noted, a liver 
biopsy showed improvement, liver function 
tests showed improvement, and the total 


Protein 

Carbohydrate 

Fat 

Calories 
Vitamin A 
Thiamine 
fiiboflas'in 
Ascorbic Acid 
Niacin 


TABLE 1. DAILY DIET ANALYSIS 


Prior to Hospital Regular Diet 


127 gm. 
55 gm. 
76 gm. 
1430 
1800 lU 
.83 mg. 
.77 mg. 
32 

8.8 mg. 


90 gm. 
275 gm. 
ISO gm. 
2700 
5000 
1,5 mg. 
5 mg. 
75 
12 


Special Liver 
Thernpy Diet 

250 gm. 
380 gm. 
65 gm. 
3100 
15,000 
1.5 mg. 
1.8 
200 
16.5 


throat was relatively normal. Decreased 
breath sounds, increased voice sounds, and 
fine crepitant rales were heard in the right 
a\illnry region and in the right lung poste- 
riorly at tlic b.asc. The abdomen was some- 
wh.at distended and shifting dullness was 
present. The liver edge was palpable 4 
finger-breadths below the right costal margin. 
The spleen was not palpable. Tiie left testicle 
was markedly atrophic. There was a marked 
diminution of the axillary', chest, and pubic 
hair. A diffuse hypertrophy of the left breast 
reuion w;is noted wth no abnormality of the 
nipples. The left bre.ast measured 7 cm. in 
transverse diameter. Many spider angiomata 
were seen over the neck, chest, and upper 
extremities. 

Lahnratnnj Data: Laboratory studies arc 
summarized in Ta!>Ic 2. The sedimentation 
rate xvas 2.5 mm. per hour. Clicst Roentgen- 
rays revealed a homogeneous density in the 
apex of the right lower lobe, which was inter- 
preted as representing pneumonia. Folfoxx'-up 


number of angiomata had decreased. The 
patient had received no therapy during this 
time except for the regular hospital diet which 
was adequate in all constituents. 

The patient xvas next placed on an intensive 
therapeutic regime consisting of a high pro- 
tein, high carbohydrate, low fat diet xvath 
protein supplements including 1 ounce of 
nutragest and 1 ounce of protoly'satc daily- 
He also reccix’cd a vitamin B complex intra- 
muscularly daily consisting of 10 mg. thia- 
mine, 10 mg. riboflax’in, 5 mg. py'ridoxinc, 50 
mg. calcium pantothenate, and 2.50 mg. nico- 
tinamide. Crude lix’cr extract (2 cc.) "'as 
administered 3 times d.aily. 

The patient showed progressix'o improve- 
ment both by clinical signs and liver function 
tests (Table 2). The liver size which liacl 
been found to be 4 finger-breadths bcloxv 
the right costal margin shortly after entry 
gradually decreased until no liver edge cmihl 
be felt at the time of discharge. The elevated 
icteric index shoxved a rapid fall. The patient 



TABLE 2. LIVER FUNCTION TEST 
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FIG. 1. SERIAL LIVER BIOPSIES 


A. Before therapy on August 30, 1918. Marked fattv infiltration. Tlic liver cells show 
various stages of degeneration. Large quantities of bile pigment arc present in canalictili. 
Periportal fibrosis i.s seen with c.xtension of the fibrous septa into the liver lobules. 

B. Following estrogen administration on Sept. 30, 1918. Decrease in the degree of fatty 
infiltration. Fewer degenerating liver cells arc seen and the intralobular organisation into 
cords of cells and sinusoids more nearly approaches the normal. Rile pigment is less prominent. 

C. .-Sflcr therapy on Dcccml>er 1, 19-lS. No fatty changes and tiic liver cells arc normal 
in appearance. An increase in the periportal fibrous tissues ss-ith septal e.ttcnsion into the lobule 
and reduplication of bile ducts is apparent. The lobules are almost complclch" encircled by 
Ebroas tissue. (Photographs by Wm. L. M. Martinson, FBPA.) 















^ght 

r, / 

Totals 
Pree 


9 5 W 

long 


218 G 

3^ ^sAx. 

niS./9A r^- 


9 / long 

“•■’ /ong^ 


^v """ ^^riz. 

f Vert. 

? ^oriz. 

3 Ci„. 


7.5 

'"^njma 


o®J' Jong 
Jong 


^anin7a 


g o® ^S-/24 hr. 
*'•" ^g-/24 




COOBLEY, MOLEE: GYNECOMASTIA ASSOCIATED MTTH LIVER DISEASE 



FIG. 2. SERIAL BREAST PHOTOGRAPHS 

.Viilcrior \i{\v of Loth l)ri'.ist>: before tliciapy, showing enlargement of left breast. 

B. .\nterior \ic%v following c.strngen administration, .showing enlargement of both hrcasl* 
.is comp.ired to (.A). 

C. .Anterior view showing dccrc.ise in size of both brc.asts (after completion of therapy/. 

D. L.ater.il view of left breast before tlicrapy showing marhed enlargement. 

E. L.iter.il siew of left bre.ist after therapy showing decrease in si'/c. (Photographs by Wm 
L. M. Mirtinsen, TBP-Vt 
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et al.^^ have described a syndrome 
including gynecomastia witli atrophic 
testes showing hyalinization of die 
seminiferous tubules and postulated 
that perhaps tlie inhibiting hormone of 
the .testes on the breast was present in 
these tubules. Heller and Nelson^^’ have 
described testicular atrophy, azoosper- 
mia, and elevation of the gonadotropins 
frequendy associated widi enlargement 
of die breast and loss of hair. They 
described hyalinization of the semin- 
iferous tubules and clumping of die 
Leydig cells, and they felt that changes 
in the Leydig cells might be respons- 
ible for the changes in masculine 
characteristics. 

Zondek®® has stated that the liver is 
concerned with 95% of estrone inactiva- 
tion and he has described a test of 
liver function based on estrogen 
metabolism. The estrone clearance 
test is a measure of die ratio of estrone 
excreted compared to die normal 
following an inti'amuscular dose of 
estrone. He stated diat the normal 
male excreted .5% to 4.5% of the injected 
estrogen within 48 hours. Patients with 
hepatitis also excreted a normal per- 
centage unless they were in an 
advanced state; that is, had lost the 
function of urea syntiiesis. Patients 
with cirrhosis had normal endogenous 
levels of estrone but excreted an exces- 
sive amount following administration. 
He thought diat this test might be use- 
ful in determining the prognosis of a 
given case of liver disease— only in 
advanced cases with, extensive destruc- 
tion did the liver fail to metabolize 
estrogens normally. 

Glass and associates'^, having also 
studied diis problem, stated diat an 
increased excretion of estrogens had 
been noted in cases of g}mecomastia 
associated widi testicular tumor, adren- 
al cortical tumor, or follouing the 
administration of estrogens. They 
diought that gjmecomastia associated 
with malnutrition without liver disease 


may represent a deficiency of the same 
dietary factor necessary for liver inac- 
tivation of estrogens. Glass, Edmond- 
son, and Soil® studied the effect of 
administered estradiol and estrone 
into men witii cirrhosis of die liver 
and found diat injected estrogens lose 
much of their activity in die presence 
of normal liver function. They stated 
diat the evidence showed that males 
with advanced liver cirrhosis excrete 
urinary estrogens in the free form, 
and diey felt diat gynecomastia and 
testicular atrophy were die result of an 
excess of circulating free (uncon- 
jugated) estrogen. Advanced cirrhosis 
results in the excretion of a large 
percentage of esti-ogen particularly in 
the free form but all tlieur cases of 
cirrhosis had some increase in total 
estrogen excretion. Stealy and 
StimmeP® also pointed out that die 
conjugation of estrogens given to 
patients with liver disease was mark- 
edly impaired. Other workers^®-®^ have 
likewise shown diat 90% of injected 
estradiol could not be recovered in 
the urine and postulated that the same 
mechanism of estrogen metabolism 
holds for bodi males and females. They 
showed that the interconversion of 
estradiol and estrone could take place, 
bodi resulting in estriol (the latter 
reaction was not reversible). 

As for die breast enlargement itself 
most reported cases have showm^® 
hyperplasia of ducts and in increase in 
periductal tissue— the ducts elongate, 
become tortuous, develop thickened 
lining (epithel) and show an infiltra- 
tion of macrophages in the periductile 
tissues. 

Interpretation of Results: A number 
of interesting observations can be 
made after an analysis of this case. 
Improvement in the liver status was 
striking on a regular hospital diet 
before any supplementary therapy was 
begun, as evidenced b)' biopsy, 
decrease in size, and function tests. The 
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administration of estrogens was appar- 
ently not toxic to the damaged liver 
since improvement occurred during 
and after the estrogen administration. 
In addition, the angiomata count 
decreased while on estrogens; this also 
indicated liver improvement. 

A correlation behveen tire titer of 
free and total estrogens and the status 
of liver function was strikingly illus- 
trated in our study. The fall in estrogen 
excretion and particularly the decrease 
in tlie ratio of free to total estrogens 
paralleled the improvement in liver 
functions. Tin's correlation was also 
demonstrated in that the total estrogen 
excretion was less after estrogen 
administrations than without estrogens 
because of the improvement in liver 
function during this period. 

The changes in breast size were also 
somewhat correlated with estrogen 
titers but lagged behind the rate of 
liver improvement. It is difficult to 
explain the unilateral gynecomastia 
except by assuming a different degree 
of sensitivity to circulating estrogens 
in the two breasts. In explaining the 
late enlargement of the right breast 
follow’ing estrogen administration we 
must again assume a difference in 
local factors in the two breasts. 
Klatskin has pointed out that in 
gynecomastia secondary to malnutri- 
tion the breast enlargement may occur 
not during the period of malnutrition 
but rather during the recover)’ phase 
while on a therapeutic regimen. 

The increase in urinary keto-steroids, 
increase in libido, and increase in the 
size of the right testicle indicates a 
close correlation between liver function, 
adrenal function, and gonadal activity. 
Lloyd and Williams’® have pointed out 
that cirrhosis of the liver is frequently 
associated with a decrease in lipoid 
content of the adrenals and atrophy 
of the testes. They also emphasized 
that the 17-ketosteroid excretion of 


male patients widi cirrhosis is lower 
than can be explained on the basis of 
absent gonadal steroids excretion 
alone — Qiis suggests that adrenal 
hormone production is less than normal. 
This may be the result of high estrogen 
titers in the blood since tliis is knov’n 
to inhibit adrenal function. Lloyd and 
Williams have postulated tliat the 
decrease in the inactive oxidative 
products of estrogen, which occurs 
xvhen a diseased liver is unable to inac- 
tivate estrogens and form these oxida- 
tive products, leads to a decrease in 
formation of adrenotrophin from the 
pituitary. This in turn leads to 
decreased adrenal function with loss of 
axillar)’ hair and a decrease in the 
urinary l7-ketosteroids. 

The decrease in the total number of 
spider angiomata during estrogen 
administration is in contradistinction to 
the findings of Bean’ who was able to 
produce “spiders” by tlie administration 
of estrogen, and may have been due to 
tlie rapid improvement in liver 
function. 

Summary. 1. A review of the rela- 
tionship between cirrhosis, g)’necomas- 
tia, and endocrine changes has been 
given. 

2. A detailed metabolic study of a 
case of cirrhosis with unilateral 
gimccomastia and other feminizing 
features has been presented. A careful 
study of endocrine titers by a 'modifica- 
tion of previously described methods 
has been carried out. 

3. Tlie correlation between the 
condition of the liver, the presence of 
breast changes, and the degree of 
estrogen inactivation and total excre- 
tion has been demonstrated. 

4. A striking response in liver 
function to an ordinarj' diet, together 
with a lack of toxic effect on the liver 
bv the administration of e.strogcns, was 
noted. 
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Diabeths mellitus in man is still a 
sjTidrome of unknown etiology. The 
major laboratory indications of the 
disease, hj'perglycemia and glycosuria, 
may occur in a great variety of e.vperi- 
mental conditions and disease states. 
Hyperglycemia and glycosuria can 
occur with thyrotoxicosis, Cushings 
s)'ndrome, li\'er disease, pituitary lesions 
and adrenocorticotrophic linrmone ad- 
ministrationb 

In most instances the hyperglycemia 
can be alJeriated by tJie administration 
•of insulin. This would suggest that an 
insulin deficiency, either relative or 
absolute, is the common denominator; 
but the diabetic state which ensues 
after total pancreatectomy in man is 
mild and readily controlled by 25 to 40 
units of insulin per day'"’. From an 
experimental standpoint Soskin has 
data which point to the li\er rather 
than the pancreas as the major organ 
in carbohydrate metabolism. Soskin’” 
found that the hcpafcc'omizcd dog had 
a decreased glucose tolerance, whereas 
the pancrcatcctomized animal with a 
constant insulin infusion had a rela- 
tively normal glucose tolerance. 

There have been many attempts to 
incriminate the liver as a factor in the 
etiology of clinical diabetes, and most 
of the studies have revealed some 
impairment in various of the liver func- 
tion tests. Grav rl ah', using the col- 
loidal gold test, found a positive test 


in 37% of 241 patients. Moreover, tliey 
observed the highest incidence of posi- 
tive tests in the more severe diabetics, 
particularly tliose with a history of 
diabetic acidosis. Meyer, in 19SV, con- 
cluded that hepatic dysfunction was a 
frequent occurrence in diabetes melli- 
tus, but tlie tests used are now recog- 
nized as inferior, and many of his 
patients had complicating biliary tract 
disease. Rabinowitch®, who examined 
3000 cases from a diabetic clinic, found 
h}’perbilirubinemia in 27.4% when 0.2 
mg. per 100 cc. of bilirubin in the 
blood was taken as tlie upper limit of 
normal. Furthermore, he found that a 
similar percentage of patients had an 
elevated urine urobilinogen. His upper 
limit of normal for bilirubin would now 
be recognized as low, but there is no 
ready explanation for the elevated 
urine urobilinogen. Possibly some of 
these patients had hepatitis, for it is 
now realized that homologous scrum 
hepatitis is not uncommon in clinics 
where frequent venipunctures arc done. 

It should be appreciated that even 
pre.sent day liver function tests arc 
relatively crude and that minor devia- 
tions from the normal in any one test 
.should not be interpreted as a mani- 
festation of liver disease. Also, little 
reliance should be placed upon certain 
non-.spccific tests .such as the colloidal 
gold and cephalin /locculation, as these 
tests arc difficult to nin in a routine 
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clinical laboratory, and slightly positive 
tests are even more diiGficult to interpret. 

In this study 8 of tlie commonly 
accepted liver function tests have been 
carried out on a series of 25 diabetics 
in whom there was clinically no otlier 
etiological factor for liver disease. In 15 
of the patients the studies were made 
within 48 hours of tireir admission to 
tire hospital in severe diabetic acidosis. 
In 3 cases a liver biopsy was done to 
detect any changes in tire histology of 
the liver. The tests employed were the 


tliere is httle if any derangement of 
liver function in diabetes as measured 
by the usual liver function tests. In the 
15 patients who entered the hospital in 
acidosis, in whom one might expect a 
maximum derangement of carbohy- 
drate metaboHsm, and by tliat token 
perhaps of liver function, die liver func- 
tions were strikingly normal. In only 1 
patient of the acidosis group was there 
any significant bromsulfalein retention, 
and diis was only 8%, which is very 
close to the upper limits of normal. 


TABLE 1. -RESULTS OF LIVER FUNCTION TESTS IN 25 DIABETICS 


Previous 


Patient 

Duration 

of 

Diabetes 

Age 

S 

Sex 

Insulin 

Dose Day T« 
REG-PZI 

BSP 

retention 
at 4S tnin. 

Serum Bil, Prothr. 
mg. per 100 cc Cont. 

1 mm. 30 am. % 

Thymol 

Turb. 

Ceph. 

Floe. 

Serum Pret. 
Alb. Glob. 

gTn.% g».^ 

Urine 
Urobil. 
Ehrlich U. 

Icterus 

Index 

1. P.O. 

15 yra. 

30 H 

40 

40 

0 

0 

.2 

98 

.88 (5) 

0 

3.8 

2.5 



2. M.F. 

8 yrs. 

37 F 


50 

0 



300 


1* 




S 

E.G. 

4 yrs. 

32 F 


35 

0 



85 


0 




5 

4. N.H. 

10 yra. 

47 F 

20 

10 

0 

0 

.02 

72 

.77 

1* 





5. J.M. 

IH yra. 

18 M 


20 

0 

0 

.02 

100 

.3 

0 





6. P.M. 

IH yrs. 

23 F 


12 

0 



75 

.52 

0 



.6 

6 

7. ».S. 

19 yrs. 

55 M 

10 

40 

8 

0.2 

0.4 


.63 




.8 


8. J.P. 

6 yrs. 

28 M 


60 

0 

0.2 

0.2 


.72 


4.1 

3.1 

.4 


9. C.D.4. 

IS yra. 

42 F 

45 

40 

4 



75 


0 



.6 

5 

10. S.G. 

6 yrs. 

22 M 


60 

0 

.16 

.58 

100 

.54 

!<■ 



.6 


11. E.M. 

4 yrs. 

35 F 

30 

30 

0 



68 


1 



.4 

4 

12. J.I. 

4 yrs. 

25 M 


40 

2 



86 


0 



.6 

5 

13. T.D. 

5 wks. 

33 H 

0 

0 

0 

,1 

.4 

90 

.64 

0 



.5 


U. M.K. 

IS yrs. 

42 F 


40 

0 

.2 

.4 

90 

.7 

1. 

4.0 

2.1 

.2 


15. P.M. 

12 yrs. 

38 F 


35 

0 

.15 

.6 

75 

.68 

1‘ 

3.9 

2.0 

.$ 

• 

THE ABOVE TESTS WERE DONE WITHIN 

24 TO 48 

HOUBS 

OF ENTRY 

TO THE HOSPITAL IN 

SEVERE 

ACIDOSIS* * 


16. C.L. 

6 yrs. 

55 M 


60 

1 



100 

3. (61 


5.4 

1 8 

.6 

5 • 

n. P.E.L. 

9 yrs. 

52 M 



2 

0.8 

1.4 

80 

2.5 


5.6 

2.0 

0.8 


18. H.H. 

1st Pg. 

56 M 


20 

8 

0.4 

1.2 

50 

4. 


6.2 

1.6 


5 

19. C.V.T. 

3 mos. 

60 M 



1 



75 

2 


4.4 

2.6 


5 

20. N.B. 

7 yrs. 

55 M 



4 

0.2 

1.0 

100 

5. 






21. J.N. 

' 1 yr. 

35 M 

20 

60 

0 

0.2 

0.8 

92 

5. 


5.2 

3.6 


« 

22. J.A. 

1 yr. 

61 M 


45 

0 

0 1 

0.4 

50 

2.5 


4.6 

2.8 

1.2 


23. A.W. 

12 yrs. 

51 M 


70 

15 

0.2 

0.4 

100 

4. 


4.0 

3.0 

0.48 


24. H.H. 

6 nos. 

50 « 



5 

0.4 

1.2 

75 

S. 


4.8 

1.1 



25. J.H. 

3 yrs. 

55 H 


10 

2 

0.3 

0.7 

85 

1. 


4.2 

2 8 



• Biopsy with normal 

liver. 












•• All of the patients in a 

csdos 

IS had 

a Cp 2 combining power of less 

than 20 Toluncs 







bromsulfalein retention at 45 minutes, 
using 5 mg. per Kg., die thymol tur- 
bidity'’-^, the cephalin flocculation'^, die 
van den Bergli 1 minute and 30 min- 
utes-, die prodnombin content^^, the 
urine urobilinogen^-, die icterus index 
and die sermn proteins. It was not pos- 
sible in every patient to do all die tests 
mentioned, but in every case sufficient 
tests were done to gii-e a spectrum of 
liver function. 

Results. Aldiough this series is small, 
the results (see Table 1) indicate diat 


Another case showed 15% retendon, but 
this padent had some congesdi'e fail- 
ure. In no case of die series was there 
a complete batter)^ of tests indicating 
hepatic disease. 

In 3 of the patients whose livers were 
somewhat enlarged on physical exami- 
nation, die liistological sections on 
nunch biops}' were perfecdy normal. 
Even special strains for glycogen and 
fat revealed no abnormality. 

It is appreciated tiiat the function of 
the liver concerned with carbohvdrate 
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metabolism may not be measured by 
any of the tests employed and that 
some new test may reveal an abnor- 
mality of liver function. The galactose 
tolerance test which is a good test of 
liver function, might be expected to be 
abnormal in the diabetic wth his 
deranged carbohydrate metabolism, but 
the results were found to be no dif- 
ferent in a series of 10 normals and 
10 diabetics reported by Roe and 
Schwartzman®. 

This study furnishes no evidence that 
hepatic disease is associated Avith dia- 


betes mellitus. This is in agreement 
with Wilder^ ^ who found evidence of 
hepatic disease in only 0.7% of 2584 
cases of diabetes mellitus, and only 
rarely did there seem to be any causal 
relation between the 2 diseases. 

Summary. A battery of the usual 
liver function tests has been employed 
in the study of a series of 25 diabetics, 
in 15 of whom there had been a recent 
episode of acidosis. No evidence was 
obtained to indicate that impaired liver 
function is associated with clinical dia- 
betes mellitus. 
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Although physical therapy has long 
been regarded as one of the therapeu- 
tic agents of proven value in arthritis, 
we know of no studies to determine 
changes in the temperature of the dis- 
eased joint following the use of these 
various procedures. Knowledge of the 
best way to produce these changes is 
obviously of immediate and consider- 
able practical value. Lonergan® found 
a 1° F. rise in the temperature of a 
dog joint on the application of long 
wave diadiermy for a period of 1 hour. 
Continuous application of this agent 
resulting in die death of the animal 
from shock produced a rise of 7° F. in 
the left hip joint. Lonergan also 
reported one experiment in which long 
wave diathermy was applied to the 
human knee joint. A thermocouple was 
placed in the popliteal space with the 
knee acutely flexed on it. After a 70 
minute treatment, a temperature rise 
of slightly more tlian 4° F, was 
observed. Several other reports®’^ have 
appeared on the joint temperature of 
dogs following heating. One group of 
investigators® has calculated cooling 
curves, and estimated relative rates of 
circulation dirough the joint tissue. 
Hon^atli and Hollander^ have deter- 
mined tlie temperatures of knee and 


elbow joints in both normal subjects 
and patients suffering from joint dis- 
eases. An excellent correlation between 
the joint temperature and the clinical 
activity in patients suffering from 
rheumatoid arthritis was observed. 

Methods. The procedures employed to 
modify the joint temperature will be given at 
appropriate places in the te-vt. Only a single 
agent was employed on a patient at an)’ 
one time. The skin and deep temperatures 
were measured by methods previously 
described^. The subjects were supine and the 
tlrermocouple was in place within the joint 
for at least 20 to 30 minutes prior to the 
control observations. In the majorit)' of the 
tests environmental temperature was 24° ± 2° 
C.; in the remaining it was 18° C. 

Results. Passive motion of the joint 
through its pain-free range is a common 
therapeutic procedure. The data pre- 
sented in Table 1 were obtained prior 
to, and following, such movement in 
8 subjects. Although skin temperature 
over the joint was not influenced by 
diis procedure, a mean elevation of 
0.8° F. occurred within die joint. How- 
ever, considerable variation in response 
was obser\'ed. In Subject 6, only the 
first few movements were accomplished 
nadiout pain, and, since the range was 
definitely limited, it was impossible to 
move the joint to any great extent. The 


° Aided by a grant to tlie Universitj' of Pennsylvania from the National Foundation for 
Infantile Paralysis. 
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TABLE 1. THE INFLUENCE OF PAS- 
SI\'E MOVEMENT” OF THE KiNEE JOINT 
ON THE TEMPERATURE WITHIN THE 
JOINT 




Initial 

Maxunum 


Patient Temperahire 

Change 



“F. 

-F. 

1 . 

Normal 

90.6 

0.5 

2. 

Normal 

88.6 

2.1 

s! 

Rh. Artliritis 

96.0 

2.0 



96.6 

0.1 

4. 

Rh. Artliritis 

90.8 

1.4 

5. 

Rli. Artliritis 

92.8 

-0.2 

6. 

Rh. Artliritis 

92.3 

—0.9°° 

7. 

Degen. Joint Disease 

93.9 

1.4 

8. 

Gout 

96.1 

0.8 


Mean Change 


0.8 


® 10 to 13 movements witliout pain. 
”” Painful. 


tlie sixtli subject the elbow was treated 
and tlie maximum elevation in tliis 
joint was 3.6° F. wliile tire skin tem- 
perature rose 1.6° F. A significantly 
greater rise (t == 1.88) in the joint than 
in tire surface temperature was ob- 
served. The mean difference between 
die 2 positions was 1.6° F. Tliis varia- 
tion was more apparent when higher 
energy inputs were being employed. 
A tj^ical cooling cun'e follovdng this 
1)^16 of heat dierapy is shown in Figure 
1. The sharp initial drop and succeed- 
ing retarded rate of cooling was 
observed in all patients. 

Table 3 contains die data obtained 


TABLE 2. EFFECT OF MICROV'AVE” ENERGY (12.2 cm.) ON THE TEMPERATURE 



OF THE KNEE JOINT 

Initial Temperature ®F. 

^^aximuln 

Increase 

Patient 

Surface 

Joint 

Surface 

Joint 

9. Reiter’s S)m. 

86.0 

90.6 

6.0 

3.7 

Reiter’s S)^. 

87.0 

89.4 

6.4 

S.4 

10. Rh. Arthritis 

91.9 

92.9 

5.0 

8.2 

11. Rh. Arthritis 

84.5 

88.1 

6.S 

6.9 

IS. Rh. Arthritis 

SS.9 

92.9 

7.6 

3.6 

14. Rli. Arthritis 

93.7 

94.8 

2.4 

2.5 

Rli. Artliritis 

94.0 

96.0 

1.1 

1.1 


® All applications were for a period of 15 minutes. Patients 9 to 12 were given 50 watts; 
patients IS to 14 were given 85 watts. 


degree and intensity of movement 
probably modify the rise in tempera- 
ture. Active weight bearing movements 
were also performed in 2 normal sub- 
jects and a mean rise of 2.3° F. was 
observ'ed. More information on diis 
aspect will be presented when die 
amount of work performed by die 
patient’s joint can be accurately evalu- 
ated. 

Heating of die joint and adjacent tis- 
sues by die application of high fre- 
quency electrical energy was studied 
in a number of subjects. A micro wave 
generator (wave length 12.2 cm.), 
emplo)ring a director 4 inches in diam- 
eter, placed at a distance of 2 inches 
from the joint was used. The duration 
of die heating period was e.xactly 15 
minutes. The data obtained in 5 
patients are presented in Table 2. In 


following die application of conven- 
tional short wave diathermy. The 
inductii’e mediod uuth 3 turns of the 
coil around the joint was employed. 
The heating period was 20 minutes. 
The maximum elevation of die joint 
temperature was approximately to a 
level of 101° F. The initial joint tem- 
perature apparently exerted no influ- 
ence upon diis final value. Note espe- 
cially the changes in Subject 15, a nor- 
mal individual, and in Subject IS, an 
individual suffering from degenerative 
joint disease. The elevation of bodi 
joint and surface temperatures was 
approximately equivalent, the mean 
surface temperature being some 0.6° F. 
higher tiian the mean joint temperature. 
In Figure 2 are shown typical cooling 
cuiA'es obtained on a normal indiridual 
and on an individual suffering from 
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rheumatoid arthritis. The differences normal subject K was —1.14; iu quies- 
between the two cooling curves are cent rheumatoid arthritis, —0.90; active 
mainly those relating to the duration rheumatoid artliritis, —0.56; and for 
and rate of cooling of tire joint follow- degenerative joint disease, —0.35. 
ing therapy. The relative rates of cool- The application of an infra-red baker 
ing were quite different in, different to the knee and surrounding areas for 
disease entities. Calculations of K, tire a period of 20 minutes resulted in 
cooling constant, on 4 types of indi- ratlrer large increases in surface tem- 
viduals are presented below. In tire perature with minimal elevations of the 

“F 


96.8 


93.2 


89.6 


86.0 

0 15 35 55 75 95 115 

MINUTES 

Fig. 1. The joint and surface temperatures in a patient Tvith Reiter’s disease before and 
after the apphcation of micro wave energy with a 4 inch circular director and a power 

output of 50 watts. 

TABLE 3. ELEVATION OF THE TEMPERATURE OF THE KNEE JOINTS AND 
SURFACES FOLLOWING VARIOUS THERAPEUTIC PROCEDURES 

Mode and Duration Initial Temperature ®F, Maximum Temperature 


Pab'ent 

of Treatment 

Surface 

Joint 

Surface 

Joint 

15. Normal 


85.2 

90.8 

9.6 

10.2 

16. Rh. Arthritis 

Short Wave 

84.7 

86.0 

12.9 

9.8 

17. Rh. Arthritis 

Diathermy 

91.8 

96.6 

3.6 

4.6 

IS. Degen. Joint Disease 

(20 minutes) 

92.8 

96.4 

5.4 

4.8 

9. Reiter’s Sjaidrome 


89.8 

93.3 

6.7 

5.7 

19. Gout 


— 

96.0 



3.7 

20. Rh. Arthritis 

Infra Red Baker 

91.0 

92.8 

8.2 

1.7 

21. Degen. Joint Disease 

(30 minutes) 

92.1 

90.6 

5.9 

4.4 

22. Rh. Arthritis 

Luminous Lamp 






(20 minutes) 

94.8 

97.3 

5.7 

1.0 

23. Rh. Ardiritis 

Paraffin Pack 

96.1 

97.0 

6.6 

0.8 

24. Rh. Artluitis 

(26 minutes) 

89.9 

95.2 

15.6 

3.1 


“ Paraffin temperature 14S°F. 
““ Paraffin temperature ISO^F. 




HOLLANDER, HOR-VATH: 


.)46 



Fig. 2. The joint and surface temperatures in a patient with quiescent rheumatoid arthntis 
and a normal subject before and after local heating for 20 minutes employing short wave 

diathermy (induction coil method). 
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deep or joint temperature. The mean 
maximum change in joint temperature 
was -}-3.3° F. When an infra-red lamp 
was applied for a period of 20 minutes 
a small change, 1° F., occurred in the 
deep temperature, whereas the surface 
temperature rose approximately 6° F. 
at the completion of the treatment. 

The effectiveness of the application 
of paraffin over a joint depends to a 
great extent upon the temperature at 
which the paraffin is being applied. In 
one experiment in which tlie tempera- 
ture of the paraffin was 130° F. a mean 
elevation of tlie joint temperature to 
3.1° F. was observed. In Figure 3 is 
shown the maintained response of the 
joint temperature to this therapeutic 
procedure. If, however, the paraffin 
was too hot, namely at a temperature 
of 148° F., there was little elevation in 
the joint temperature. The discrepancy 
between these procedures probably lies 
in the fact that the thickness of the 
layers is definitely related to the tem- 
perature of the paraffin being applied. 

Several experiments were performed 
in which individuals were subjected to 
hydrotherapeutic procedures. Treat- 
ment in the Hubbard Tank with the 
water temperature 101° F. resulted in 
an increase in joint temperature of 
0.7° F. It should be noted that the 
rectal temperature during this period 
of immersion had also risen 0.6° F. This 
effect was relatively transitory and dis- 
appeared witliin 20 to 30 minutes. In 
additional ex-periments it was at- 
tempted to determine the influence of 
reflex vaso-dilation on tlie joint tem- 
perature in the extremity being reflexly 
vaso-dilated. The knee joint tempera- 
ture of the leg that was immersed up 
to the knee failed to rise as a con- 
sequence of the treatment. This was 
interesting, in view of tlie fact tliat con- 
duction heat was apparently of no 
great importance in raising tlie joint 
temperature. The ankle joint on tlie 
contralateral limb had its temperature 
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measured during the same interval and 
failed to exhibit any change during and 
following treatment. On the other hand 
it should be noted that tliere was a 
definite reflex vaso-dilation as evi- 
denced by the rise in the toe tempera- 
ture of tlie contralateral side. The toe 
temperature was elevated 9° F. to a 
final temperature of 94.6° F. It is sig- 
nificant that reflex vaso-dilation of tlie 
skin vessels was not accompanied by 
a similar reflex vaso-dilation in the 
deep vessels. 

Discussion. Classification of heating 
procedures by their effect on joint tem- 
perature is now possible. This method 
of determining temperatures may also 
prove to be a means of measuring the 
efficiency of circulation in the synovial 
membrane. The various procedures 
employed to elevate tlie intra-articular 
temperature do so in a manner depend- 
ent apparently upon their relative 
ability to penetrate to the deeper tis- 
sues. This is most evident in comparison 
of the results of infra-red irradiation, 
where a mean rise in temperature of 
slightly over 3° F. was observed, vith 
values of 6° to 8° F. elevation of 
temperature following the application 
of conversive types of heating. It is 
also interesting to note that the dura- 
tion of the cooling curve appears to be 
primarily a reflection of the intensity of 
the elevation of tlie joint temperature. 

The significance of the various types 
of cooling curves observed in individ- 
uals suffering from joint disease is not 
at the moment apparent. It is interest- 
ing, howe%'er, that tlie cooling curs^e is 
more prolonged in those individuals 
suffering from degenerative joint dis- 
ease. A probable explanation of this 
obsen^ation lies in 2 factors: 1, the 
excessive amount of fibrous tissue in the 
thickened svmovial membrane and in- 
creased adipose tissue around the joint 
which interferes with ready loss of heat 
from the part; 2, definite changes in 
circulation witliin tlie diseased joint. It 
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is extremely suggestive that the cooling 
curve of normal individuals is so much 
more rapid than that of those suffering 
from arfinritic involvements. 

It has not yet been shown that raising 
the joint temperature, in treating vari- 
ous forms of arthritis, is necessarily 
beneficial. It is well kno\vn that in 
many cases of active arthritis those 
forms of physical therapy that raise the 
temperature most, namely short wave 
diathermy and micro wave, clinically 
appear to aggravate pain in the joints. 
On the other hand forms of therapy 
like infra-red which have minor effects 
on the joints and exert their primary 
effects on the surface appear to be of 
much greater value. It is apparent from 
these results that re-evaluation of the 
procedures of physical therapy chosen 
for treatment in arthritic disorders 
should be made \vith the reaction of 
the joint tissues in mind and should not 
be dependent purely upon surface 
changes. This is of greater interest since 
it has been shown^ that the changes in 
joint circulation do not necessarily 
parallel those of the skin but frequently 
are even opposed, which indicates at 
least a reflex reciprocal flow of blood 
between the integument and deeper 
tissues. 


Conclusions. It has been possible to 
evaluate the results of various methods 
of applying physical therapy by simul- 
taneous determination of internal joint 
temperature and surface temperature. 

Passive motion of a joint increased 
joint temperature to a slight degree. A 
more marked effect was observed fol- 
lowing active weight bearing motions. 

Passive heating of joints was accom- 
plished by means of short wave dia- 
thermy, a micro wave generator, an 
infra red baker, application of paraffin 
or immersion in hot water. All these 
methods of applying heat increased the 
skin temperature as anticipated. 

Following hydrotherapy, however, 
the joint temperature was only slightly 
elevated. 

More marked heating of the joint 
was obtained from radiant heat and the 
application of paraffin to the surface. 

The greatest elevation of joint tem- 
perature occurred following application 
of high frequency electrical energy, i.e., 
short wave diathermy or micro wave. 
The relative rate of cooling of joints 
after passive heating was more rapid 
in normal than in rheumatoid arthritic 
rr ostecarthn'tic jo’nts. 
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Investigations of the distribution of 
thiocyanate ion in measuring the 
extracellular fluid volume has resulted 
in a better understanding of its metab- 
olism during short sojourns within 
the body^'®’®’^®. Whereas almost all 
thiocyanate can be recovered in the 
urine after a single dose^®, discrep- 
ancies between the daily intake and 
urinary output have been demon- 
strated after repeated administration 
of the drug for prolonged peri- 
ods^'®’^^’^^. In explanation of this, 
routes of excretion other than die kid- 
neys in man^2, and intra-cellular stor- 
age in dogs^'® have been suggested, 
but never conclusively demonstrated. 
Since thiocyanates are still used in the 
treatment of essential hypertension and 
in the estimation of extracellular fluid 
volume it seemed of importance to 
determine the fate of this drug after 
long continued use in man. 

Materials. Fifteen cases, 9 normotensive 
and 6 hypertensive, were selected for study 
because they had little evidence of impaired 
renal function or abnormal hydration. They 
were divided into 3 groups: 

Group 1 consisted of 2 normal subjects 
(tlie autliors) both of whom received single 


doses of 1500 mg. of sodium thiocyanate§ 
intravenously. Then, after an interv^al of 4 
weeks. Subject E.D.F. received a single oral 
dose of 1260 mg. of potassium tlriocyanatef. 
Group 2 consisted of 9 cases hospitalized 7 to 
13 days for conditions other tlian acute ill- 
ness. Eight received oral potassium thio- 
cyanate in doses to 200 to 400 mg. per day, 
while 1 received daily doses of 400 mg. of 
sodium thiocyanate intravenously. In botli 
groups 24-hour, as well as other appropriate 
collections of mine were made tluoughout 
the period of study. Group 3 consisted of 5 
cases studied as out-patients at 7 to 14 day 

intervals for 4 to 15 weeks. Four were 

selected because of their cooperation and 
reliability in obtaining 24 hour collections of 
urine and taking prescribed doses of oral 
potassium thiocyanate (120 to 360 mg. per 
day) depending upon the individual case. To 
avoid criticism of data obtained in tliis man- 
ner, one of us, F.C.M. follo%ved a similar 

regimen for 4 weeks collecting all urine 

voided throughout the entire period until no 
further thiocyanate appeared therein. 

Methods. Determinations of the serum con- 
centration of thiocyanate were made by the 
method of Crandall and Anderson®, modi- 
fied®, and adapted to the Coleman junior 
spectrophotometer^'^. The “natural thio- 
cyanate color” of the serum®, which remained 
constant in any given case from day to 
day, was determined prior to administration 
of tire drug. From this value (range 0.7 to 
1.2 mg. per 100 cc.) correction was made in 
each instance to obtain the actual serum con- 


• Supported in part by tlie Squibb Institute for Medical Research, New Brunswick, New 
Jersey. 

••On leave from dre Mar)' Hitchcock Memorial Hospital, and Dartmouth Medical School, 

Hanover, New Hampshire. 

§ Sodium thiocyanate in sterile saline containing 50 mg. per cc. used e.xclusively throughout 
tliis study for intravenous administrab'on. 

f Potassium thiocyanate “Enseals”-Eli Lilly Co., Indianapolis, Indiana, wus used exclusively 
throughout this study for oral administration. 
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centration of tliiocyanate. Urinary thiocyanate 
determinations were made by pipetting 2 cc. 
of urine with 10 cc. of 10% trichloroacetic 
acid and filtering after* gentle agitation. 
Tlrree cc. of tlie filtrate were then pipetted 
into each of 2 colorimeter tubes. To one, 
3 cc. of ferric nitrate reagent® was added and 
to the other, which served as a blank, 3 cc. 
of distilled water. Readings were made within 
5 minutes with the Coleman junior spectro- 
photometer at a wave length of 480 millimi- 
crons. A thiocyanate-hke color developed by 
ferric nitrate found in the urine® of all sub- 
jects while receiving no thiocyanate was 
determined prior to administration of the 
drug and correlated with the specific gravity. 
A factor was thus determined for every 0.001 
of specific gravity in each subject and correc- 
tions made to determine the actual amoimt of 
thiocyanate in each 24 hour collection. The 
stool specimens were first thorouglily mixed 
in a Waring blender xvith known volumes 
of water and filtered prior to determination 
of thiocyanate concentration. Blanks were 
utilized in the same maimer as described 
for the urine, and, because no natural color 
appeared in the feces, further correction was 
unnecessary. The thiocyanate content of the 
sweat (induced by heat) was determined in 
the same manner as the plasma. 

As applied in this study, the term "thio- 
cyanate space” reflects the total fluid volume 
in which thiocyanate is distributed including 
the plasma volume and that amount known 
to enter certain cellsS>i3, Since the fluid 
volume in this space remains constant imder 
normal conditions of hydration^®-!'*, repeated 
doses of thiocyanate should increase the con- 
centration in this fluid volume proportion- 
ately, unless after prolonged administration, 

( 1 ) thiocyanate enters cells to a greater 
degree, (2) is excreted by routes other than 
the kidneys, or (3) is destroyed. Because the 
serum thiocyanate is in relative equilibrium 
with aU components of the "tliiocyanate 
space,” the serum increment each day should 
be equivalent to the increment within the 
entire “thiocyanate space” throughout any 
period during administration of the drug. 
Thus, it should be possible to determine the 
amount in mg. retained at any moment by 
multipljing the plasma concentration of thio- 
cyanate in mg. per cc. by the “tliio- 
cyanate space” in cc. Furthermore, the per 
cent daily increment retained within tlie fluid 
volume of the "thiocyanate space” as calcu- 
lated above plus the per cent excreted in the 
24 hour urine, feces, and sweat, should 
approach all of the daily intake, unless, as 
prewously suggested, undue cellular deposi- 
tion or destruction occurred. 


Results. Group 1. The subjects of 
this group were each given a single 
dose of thiocyanate in an attempt to 
determine whether all of the drug 
could be recovered in the urine fol- 
lowing acute administration (Table 1). 
Subject E.D.F., who received 1500 
mg. of sodium thiocyanate intrave- 
nously excreted a total of 1460 mg., 
(97%) of the original amount in the 
urine throughout a period of 14 days. 
After that time no further thiocyanate 
could be recovered in the serum or 
urine. Similarly, Subject F.C.M., who 
received the same amount of drug 
intravenously, excreted a total of 836 
mg. of thiocyanate during the first 5 
days when the ex-periment was termi- 
nated. Multiplying the serum concen- 
tration (0.043 mg. per cc. ) by the 
thiocyanate space (15,200 cc.) it was 
calculated that 654 mg. of tlie drug 
remained within the fluid volume of 
the “thiocyanate space” after 5 days. 
Therefore, a total of 1490 mg. (836 
654 mg.), or 98.7%, of the dose could 
be accounted for at tliat time (Table 
1). At another time, subject E.D.F. 
received 1260 mg. of oral potassium 
thiocyanate as a single dose. Follow- 
ing administration of the drug all urine 
voided was collected until thiocyanate 
failed to appear therein. After 13 days, 
1212 mg. of the original 1260 mg. 
(96%) of drug administered was recov- 
ered. Obviously, therefore, almost all 
thiocyanate was accounted for by 
urinary excretion after single doses of 
the drug whether administered by the 
intravenous or oral route. 

It is of interest that whereas in dogs 
receiving intravenous thiocyanate a 
marked increase of the apparent vol- 
ume of distribution occurred with 
time®, the apparent volume of dis- 
tribution after single intravenous doses 
in both subjects of Group 1 of the 
present experiments in man increased 
onlv slightly throughout the first 48 to 
72 hours, thereafter returning towards 
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tlie values obtained at the end of 2 
hours which averaged 21.2% of the 
body weight (Table 2). Although 
diese values are higher than those 
obtained with inulin^®, they corre- 
spond to tliose of other workers^^-^® for 
the apparent volume of distribution 
of thiocyanate in man. 

Group 2. In all of these cases receiv- 
ing continued daily doses of the drug 
the serum concentrations of thio- 
cyanate increased rapidly throughout 
the first 4 to 5 days, and tlien remained 
relatively constant. (Fig. 1). However, 
once a serum concentration became 
established there were wide fluctua- 
tions in the total urinary output of 
thiocyanate from da}' to day (Fig. 1). 
That these fluctuations were not due to 


the dose or seium concentration of the 
drug was evidenced by the fact tliat 
in 2 cases (W.W. and L. W-H.) sim- 
ilar fluctuations were observed not only 
at the serum levels established after 
receiving 200 mg. of thiocyanate for 
6 days, but also at higher serum levels 
established after the dose had been 
increased to 400 mg. per day for sev- 
eral days. Furthermore, in all cases tlie 
sum of die per cent retained in the 
"thiocyanate space” and the per cent 
excreted in the urine approached 100% 
of the daily intake only during the 
first 2 to 3 days. Thereafter, an aver- 
age of 74% (range — 78 to -\-195% of 
the daily intake could be accounted for 

(Fig. 1). 

In 3 cases 24 hour stool collections 


SCRUM CONCENTRATION (MG RER CENT) 



Fic. 1. Serum concentration, urinarj' e.\cretion and per cent of daily intake of thiocyanate 
accounted for in the subjects of Group 2. The urinary output fluctuates widely after the first 
4 to 5 days and after the first 2 to 3 days less than lOOS of tlie daily intake is accounted for 
in the majority of instances. Subjects L. W-H. and W. W. received 200 mg. of oral potassium 
tliiocyanate a day for 6 days, then 400 mg. for the remainder of the period of study. 
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made on 3 to 6 different days at dif- 
ferent serum concentrations revealed 
an average daily thiocyanate excretion 
in the feces of 3.7 mg. (range 1 to 20 
mg.) which represented a negligible 
portion of the intake. Moreover, in 1 
case (F.C.M. ) witia a serum concen- 
tration of 4.9 mg. per 100 cc. the con- 
centration in the sweat (heat induced) 
was only 0.8 mg. %. 

Group 3. All cases received oral 
potassium thiocyanate for 2 to 15 
weeks in amounts sufficient to main- 
tain blood levels from 4 to 14 mg. 
per 100 cc. for periods of 2 to 8 weeks. 


obtained when a single dose was given, 
ranged from 20 to 36% less than the 
amount calculated to have remained 
in tlie fluid volume of tlie “tliiocyanate 
space” at the time of withdrawal 
(Table 3). 

In order to confirm the above 
results, one of us, F.C.M. , ingested 
4440 mg. of potassium thiocyanate in 
divided doses of 360 mg. per day for 
a period of 13.3 days. All urine was 
collected throughout this period and 
continued after the drug was with- 
drawn until tlie serum and urine were 
completely cleared of thiocyanate. The 


TABLE .3.-PROLONGED ADISHNISTRATION OF THIOCYANATE PER CENT OF 
DRUG ITNACCOUNTED FOR AFTER mTHDRAWAL 

At Time of Withdrawal of KSCN 

Calc}ilafcd Amount 




Duration of 


KSCN Present 

in 


Subject 

Administration 

Serum Concentration 

“ Thiocjianate Spa 

re” 



Weeks 

Mg.% 

Mg. 



K.M. 

11 

4.5 

GC5 



G. B. 

15 

13.8 

1900 



M. S. 

9 

7.1 

792 



D.M. 

4 

5.8 

1190 





After Withdraxcal of KSCN 




Time After Serum Concentration 

7'otal Urinani 

% KSCN 

Subject 

Withdrawal 

Mg. % 

Output of KSCN 

Unaccoimtcd 



Days 


Mg. 

For 

K. M. 


12 

0 

483 

20 

G. B. 


28 

0 

1212 

36 

M. S. 


10 

1.6 

637 

20 

D.M. 


23 

0 

939 

22 


Throughout the period when blood 
levels were relatively constant, weekly 
determinations of the 24 hour urinary 
output in all cases revealed discrep- 
ancies between the daily intake and tlie 
total urinar)'’ output similar to those 
noted in Group 2. 

In 4 cases after varying periods of 
daily administration tliiocyanate was 
discontinued and all urine collected, 
either to the point of complete disap- 
]iearance of thiocyanate from both the 
serum and urine, or to a point of known 
serum concentrabon. In these cases the 
amount of thiocyanate recovered in 
the urine, in contrast to the results 


average values of 3.7 mg. per day for 
loss in the feces and 8 mg. per day 
(0.008 mg. per cc. x 1000 cc.) for 
loss through imperceptible sweab^ 
were used to calculate die total loss 
via these routes. Calculated thus, the 
fecal and imperceptible sweat loss was 
269 mg. throughout die 23 day period, 
while the urinar}' recover}' was 2670 
mg. The total recover}' of 2939 mg. 
(2670 mg. -f269 mg.) of the admin- 
istered 4440 mg. left a deficit of 34% 
of die diiocyanate administered. In 
contrast, after acute administration in 
the same subject there was a deficit 
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of only 1.3% exclusive of possible 
excretion via the sweat or feces. 

Discussion. The results of these 
studies indicated tliat temporary cel- 
lular storage occurred after the acute 
administration of tliiocyanate since the 
“apparent volume of distribution” 
increased during tlie first 48 to 72 
hours. However, such storage was only 
transient and almost all of the drug 
was recovered in the urine. 

In contrast, during prolonged admin- 
istration there were marked discrep- 
ancies between tire daily intake and 
urinary output, confirming tlie observa- 
tions of previous autliors^-®’^^-^-. Such 
discrepancies apparently occurred 
coincident to the establishment of a 
relatively stable serum concentration 
regardless of the daily dose or of die 
route of administration. That routes 
of excretion other than tlie kidneys did 
not e.xplain such discrepancies during 
prolonged dosage was indicated by the 
fact that negligible amounts of the 
daily intake were recovered in tlie 
stool and sweat despite relatively high 
serum concentrations. 

Since thiocyanate was not excreted 
in the feces or sweat to any significant 
degree, the failure to account for all 
of tlie drug administered after pro- 
longed use suggested that it had either 
entered cells or had been altered with- 
in the body. If intracellular storage had 
occurred the subjects who had received 
thiocyanate for long periods (Group 
3) would have accumulated consider- 
able amounts during the 2 to 15 weeks 
of administration. After such cellular 
accumulation vathdrawal of the drug 
should hai’e been followed by an even 
greater urinan.' recoi'er)' of thiocyanate 
than had been calculated to remain 
within the “thiocyanate space.” How- 
c\er. upon withdrawal of the drug 
after prolonged administration no evi- 
dence of such intracellular accumula- 
tion was apparent in the urinary recov- 
eries. In fact, the total urinar)' e.xcre- 


tion was even less than tliat calculated 
to have been in the “thiocyanate space” 
at the time die drug was discontinued. 
This indirect evidence was confirmed 
by die results of Subject F.C.M. In 
diis instance, whereas after the acute 
administration of a single dose only 
1.3% of the total amount given was not 
recovered, after prolonged adminis- 
tration 34% of the. amount ingested was 
lost. Since excretion by routes other 
than die kidneys and intracellular stor- 
age failed to explain such great losses 
of diiocyanate it was concluded that 
permanent alteration of the ion must 
have occurred witiiin the body after 
prolonged dosage. 

The recent studies of Wood and 
Williams^® using radioactive thio- 
cyanate demonstrated destruction of 
minute amounts of the ion in the 
diyroid of rats after 24 hours. It is 
possible in view of the present investi- 
gation that greater amounts of the 
thiocyanate ion would have been 
destroyed after long continued admin- 
istration. Although die product formed 
in the thyroid gland has not been 
determined, these same authors had 
previously demonstrated that in rats 
minute amounts of thiocyanate may 
be conx'erted into sulfate^®. Further- 
more, Estes and Keith" recently 
reported elevation of the serum sulfate 
in a few patients who had received 
diiocyanate for long periods of time. 
Although suggestive, these studies do 
not prove that thiocyanate is catabol- 
ized to sulfate in man; nor do they 
e.xclude die possibiliW that thiocyanate 
is utilized to form other sulfur contain- 
ing products v'ithin the body. 

It is impossible to determine from 
the present data whether the clinical 
effects of thiocyanate in hypertensive 
patients are associated with this appar- 
ent mechanism for destroying thio- 
cyanate after prolonged administra- 
tion. Tliat such a relationship may 
exist, howex'er, is suggested by the 
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observations tliat the thiocyanate ion 
does not exhibit hypotensive prop- 
erties upon acute administration in 
doses sufficient to obtain therapeutic 
blood levels®, while clinical responses 
to the drug, when they occur, fre- 
quently are not observed until after 
several weeks of continued administra- 
tion®-^. 

Summary and Conclusions. 1. After 
a single dose of thiocyanate nearly all 
of the drug can be accounted for on 
tlie basis of urinary excretion. 

2. By conti'ast, after prolonged ad- 
ministration either orally or intra- 
A'enously, discrepancies occur between 


the total amount excreted and the 
amount retained, suggesting that under 
these circumstances the drug is either 
stored intracellularly or destroyed in 
vivo. 

3. Following withdrawal of tire drug 
after a period of prolonged dosage tlie 
total amount recovered in tlie urine is 
far less than that calculated to be 
present at the time medication was 
discontinued, indicating that during 
pi'olonged administration destruction 
rather than storage of thiocyanate ion 
occurs. 

4. Negligible amounts of tlriocyanate 
are excreted in the feces or the sweat. 
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DIAZOAIETHANE POISONING: REPORT OF A FATAL CASE 

WITH AUTOPSY 

By Edward B. LeWinn, M.D. 

PHILADELPHIA. PENNSYLVANIA 
(From the Medical Service of the Je^vish Hospital) 


The present report is concerned with 
what is believed to be tlie first instance 
of fatal diazomethane poisoning in 
man. Diazomethane was discovered by 
Pechmann® in 1894. A search of all 
reference sources available since tliat 
year, including all issues of tlie Quar- 
erly Cumulative Index Medicus and its 
predecessors, the Index Catalogue of 
tlie Library of tlie Surgeon-General’s 
Office of the United States Army, and 
various te.vts and monographs on toxi- 
cologj', cliemistt}' and industrial medi- 
cine too numerous to mention, reveals 
but a single published clinical case of 
diazomethane poisoning. This was re- 
ported by Sunderman, Connor and 
Fields^® in 1938. The lack of emphasis 
on tlie extreme toxicit)' of tliis agent 
in tlie chemical literature, which was 
noted by tliese authors, apparently per- 
sists at die present VTiting. 

Pechmann® described diazomediane 
as being e-xtremely poisonous. Various 
ill effects e.xperienced by those v'orking 
vuth die gas were subsequently noted 
briefly. These included denudation of 
die skin and mucous membranes®; 
irritation of the skin and rendering of 
the fingers so tender tiiat it was difficult 
to pick up a pin®; chest pains, fever 
and severe asthmatic s}Tnptoms'; devel- 
opment of a supersensitivity “so diat it 
is almost impossible to work ei’en care- 
fully with diazomethane m'thout being 
subjected to attacks of asthma and 
fever”^. Arndt described it as “an 
especially insidious poison”^. While 
these warnings, included in a technical 
journal, would seem to be adequate, a 
(550) 


full realization of die serious character 
of die to.xic effects produced by diazo- 
mediane apparendy does not e.xist. 

Diazomethane is a very unstable, 
odorless, yellowish gas wliich is of 
great usefulness chemically as a mediyl- 
ating agent. Because of its liigli degree 
of chemical activity it not only presents 
a toxic hazard but is explosii'e as well. 
For diis reason it is generally not 
employed in its gaseous form, but is 
dissolved in edier or benzene in which 
it is readily soluble. Some details of its 
nature and uses may be found in die 
article by Sunderman et dl}°. 

Case Report. H.W., a 28 j’ear old, while 
male chemist, working in a research institute, 
was engaged in an investigation of ergotlii- 
oneine, a procedure which involved the 
emplojTnent of various chemical agents, ^ 
including phosphorus pentachloride, hydrogen 
chloride, acetyl chloride and diazomethane. 
On November 25, 1948, he worked wtli 
tliese substances in a trial run of a preliminai)' 
step in his project. On December 2 he 
repeated the process on a much larger sc.alc. 
Reluctant to leave a distillation operation 
which ivas in progress, he ate his lunch in 
the laboratory’. It consisted of a ratlier greasy 
hamburger sandirich, which might have some 
significance because of the fat solubility ot 
diazomethane. The patient inadvertentlv 
inhaled the gases produced in the course ot 
his e-Kperiment, altliough he was worfa'ng 
under a laboratory hood. During his activitiM 
he became aware of a tickling discomfort m 
the throat, and began to cough. The cough 
was short, hacking, dr)’ and persistent. On 
December 3 he worked in the laboratory' as 
usual, but went home early because of fatigue, 
substemal soreness and the cough which had 
continued witliout cessation from its onset. 
That night he called his physician to whom he 
mentioned tlie nature of his research and the 
recent e.vposure to chemical irritants. At tha 
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time physical examination was negative. The 
oral temperature was 102.4° F. He was given 
300,000 units of procaine penicillin G in 
aqueous suspension intramuscularly. The fol- 
lowing day, December 4, he took several doses 
of aspirin because of a severe headache, and 
seemed improved. When re-examined by Iris 
physician in tlie early evening he revealed a 
few fine crepitant rales at tlie base of the left 
lung; the oral temperature was 100.2° F. In 
general his condition seemed considerably bet- 
ter. He was given a second dose of penicillin. 
However, during tlie night he became quite 
dyspneic and his cough was even more haras- 
sing tlian before. At 3 a.m. on December 5, 
after a brief episode of chilliness, his tempera- 
ture rose to 104° F. At 7 a.m. his physician 
found signs of what he believed to be pneu- 
monitis at tlie base of tlie left lung. 

I first saw the patient at noon on December 
5. The history revealed the fact tliat he had 
inhaled tlie chemicals mentioned above. The 
irritating nature of phosphorus pentachloride, 
hydrogen chloride and acetyl chloride was 
fully appreciated. However, tlie patient offered 
no information as to the character of diazo- 
methane, of which neither his physician nor 
I had any knowledge At this examination 
there was rapid, gasping respiration, harassing 
short cough and some degree of apprehension. 
There was also marked fllaring of tlie alae 
nasae and retraction of the intercostal, supra- 
sternal and supraclawcular spaces on inspira- 
tion. Signs suggestive of pneumonitis involving 
the left lung were again present. These con- 
sisted of slight to moderate impairment of the 
percussion note, bronchovesicular breatli 
sounds and numerous fine and coarse crepitant 
rales. A few fine crepitant rales were also 
present below die right claHcle. The tempera- 
ture was still 104° F., the cardiac rate 90 and 
the respirator}' rate 30 per minute. The blood 
pressure was 128/80. At 1:35 p.m. the patient 
was admitted to Jewdsli Hospital. 

At 4 p.m. it was found that dullness was 
present throughout the right upper lobe and 
much of the middle lobe. In die same areas 
there were also bronchial breath sounds, 
coarse and fine crepitant rales but little change 
in vocal resonance. The patient complained of 
being unable to fill his lungs wtli air. Moder- 
ate cyanosis was present in spite of oxygen 
therapy. It was increasingly ew'dent that we 
were dealing nadi no ordinarx' pneumonic 
process. Although a second consultant who 
examined die patient was of die opinion that 
diis was a fulminating pneumonia, probably 
pneumococcal complicating an earlier Hrus 
pneumonitis, attempts to discover die possible 
role of diazomcdiane as the cause of a chemi- 
cal pneumonia were continued. Howex'er, the 


day being Sunday, few sources of information 
could be reached and none of these could 
clarify the question. It was not until the morn- 
ing of December 6 that we learned that diazo- 
mediane was in all probabilit)' the cause of 
die patient’s s}'mptoms. 

There was little change in die pulmonary 
signs from the evening of December 5 until 
the patient died at 4:45 p.m. on December 6. 
about 100 hours after definite exposure to 
diazomediane. However, the cardiovascular 
manifestations were of considerable interest 
The blood pressure at 1:35 p.m. on December 
5 was 134/80 and the cardiac rate was 100 
per minute. At 4:30 p.m. the blood pressure 
was 146/80 and the cardiac rate 136 per 
minute. At 8:30 p.m. the readings were 
170/88 and 140 respectively; at 1 a.m. on 
December 6, 180/90 and 136; at 7 a.m 
170/90 and 176, from which point on the 
blood pressure dropped slowly throughout the 
day while the cardiac rate maintained a level 
in e.xcess of 170 per minute until death 
occurred. From 1 a.m. on December 6 the 
respiratory rate averaged 44 per minute. 
Except for one instance, following sponging, 
die temperature never fell below 104°, rising 
to 106° terminally. All measures to control 
the progressix'e shock, anoxia and hyperp}Te.xia 
were of no avail. It is worthy of note that 
frank pulmonary edema was never evident b} 
physical signs. 

Other manifestations which occurred in- 
cluded mental confusion which first appeared 
late in the evening of December 5; musculai 
twitchings which seemed to respond to 57 
intravenous dextrose infusion; coma which 
developed quite suddenly at 8 a.m. on Decem- 
ber 6; vomiting of a small amount of brownish 
material, strongly positive for occult blood, 
at noon on December 6, and die vomiting of 
about 750 cc. of partly coagulated blood 
terminally. 

Treatment consisted of o.xygen dierapy: 
sedation for the cough, restlessness and sub- 
sternal distress by means of small subcutane- 
ous doses of morphine sulphate; ice caps and 
alcohol sponges for die ly'perthermia; penicil- 
lin, combined sulfadiazine and sulfamerizine. 
and dehx’drostreptomx’-cin. Intravenous oi 
h)’podermic de.xtrose in normal saline solution 
or in distilled water, in 5 % concentration, were 
given as the state of the patient’s fluid balance 
seemed to indicate. Blood plasma, whole 
blood transfusion and adrenal cortex extract 
were employed to combat die state of shock. 

Tlie laborator}' studies were largely limited 
by the patient’s critical status and brief ill- 
ness. A blood count on December 5 revealed 
14.5 gm. of hemoglobin with 4.5 million 
er}'throc\'tes. The leukoc}i;es numbered 11,300 
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of wliich 83% were neutrophils, 6% were 
iiionocj'tes and 11% lymphocj'tes. Of each 100 
neutrophils 54% were filamentous forms and 
46% were nonfilamentous. On December 6 
there was a marked leukocytosis, over and 
abo\-e ob\'ious hemoconcentration. Mdiile tlie 
red blood cell count was 5.6 million, with a 
h.emoglobin reading of 15.5 grams, the leuko- 
c)tes were 23,600 in number, the differential 
count being appro.ximately that of the preced- 
ing day. The urine was t}pical of a patient 
suffering from a ver)' acute febrile reaction, 
tlie specific gravity being 1.035, with 4 plus 
albumin, 1 plus acetone and 0.5% of sugar 
(apparently due to therap)’) present. There 


two main bronclu and all of tlie broncliial 
branches showed a deep red, swollen velvet} 
surface, covered in many places by a thin 
layer of catsup-colored e.\udate. 

The mijocardium was pale, brown, soft and 
cloudy. The liver weighed 1550 gm. and 
appeared somewhat small for the size and 
age of tlie patient. There was marked mottling 
of tlie surface, in many irregular areas having 
a pale yellow color in contrast to more con- 
gested dark brown segments. Section revealed 
lobules with pale }'ellow centers surrounded 
by red rings. There was a greasy aspect to 
the cut surface. 

Tlie esophagus showed a swollen, dark red 




Fig. 1. SecKon through Wall of Trachea (.\ 100). 
Fig. 2. Section of Lung and Bronchiole (.\ 100). 


were also some li}’aline and occasional granu- 
lar casts. The blood sugar, after therapy was 
begun in the hospital, was 366 mg. and the 
urea nitrogen was 17 per 100 cc. of blood 
A single blood culture showed no growth. 

Autopsy (b}’ Dr. Benjamin Gouley, chief 
coroner’s phvsician, 19 hours after death) 
The salient gross features were in the respira- 
tor}- system. Both lungs were large and bulky 
the right weighing 850 gm. and the left 800 
gm. On section they revealed deep, red 
moist parench}-nia studded with numerous 
tubercle-like gra}- points. Many of these undei 
pressure were seen to be semi-liquid, exudino 
small points of pus. There were no gross con- 
solidations in citlier lung. The trachea, tlie 


in places almost black mucosa, particular!} 
in the lower half where there were surface 
erosions and necrosis of surface epithelium. 
The stomach was moderatel}' dilated, its 
mucosa somewhat congested, but showed 
nothing of the striking change seen in the 
esophagus. The congestion was most marked 
at the cardia, fading rapidly toward tlie fun- 
dus. It contained 300 cc. of dark, almost black- 
fluid. The duodenum likeu-ise showed mucosal 
congestion but no ulceration. 

The thymus was enlarged and cellular foi 
the patient’s age level. AA'hile fatt}’ tissue was 
present, there were numerous islands of 
grayish-red and red th\-mic tissue throughout 

The brain revealed on section a rather 
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striking spoking of red throughout the white epitlielium to be almost entirely lost and, the 

matter, seen almost equally in all lobes of tire mucosa markedly thickened by edema and 

cesTt'Jmtm. The cortex showed nothing of note congestion. There was enormous engorgement 

M-tSTOLOGic E.XAMINATION of the trachea of capillaries and small veins. The tissue form- 

nnd main stem bronchi showed the ciliated ing the background of the mucosal sturcturc 



Fig. 3. Section of Myocardium ( x 100 ) . 
Fig. 4. Section of Brain (xlOO). 



Fig. 5. Section of Kidney (xlOO). 
Fig. 6. Section of Liver (xlOO). 
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was swollen with edema, some fields showing 
necrosis. There was a heavy cellular infiltration 
into the mucosa consisting of polymorphonu- 
clear cells and of various types of the mono- 
cytic series. The bronchial muscle fibers were 
swollen and pale, many appearing to be in 
the early stage of coagulation necrosis. The 
glands of the bronchial mucosa were dis- 
tended with secretion and showed heavy- 
cellular infiltration. 

In the lungs there was widespread acute 
congestion. The site of each bronchiole was 
marked by an intense inflammatory reaction, 
loosening or desquamation of the bron- 
chiolar epithelium and filling of the lumina 
with cellular debris. Under the displaced 
epithelium there were dense cellular infiltra- 
tions of polymorphonuclear and other leuko- 
cytes which extended out into the adjacent 
lung structure, constituting an acute peri- 
broncliiolar pneumonia with breakdown of 
alveolar walls and filling in to form small 
coalescent alveolar abscesses. The small blood 
vessels were greatly congested and frequently 
showed a perivascular collar of leukocytes. 

Sections from the interventricular septum 
of the heart showed interstitial edema of the 
myocardium. Many groups of muscle fibers 
showed hyalinization, a “curling” misshaping, 
swelling or acute atrophy and, in some fields, 
infiltration by leukocytes. There was intrmal 
thickening in the left coronary artery. 

The brain disclosed occasional foci through- 
out the white matter where the original struc- 
ture had disappeared or was in process of 
doing so. These areas took a pale reddish 
stain and gave the appearance of fibrinous 
necrosis. However, there was no hemorrhage 
into these acutely necrotic areas. Many small 
blood vessels, venules and possibly some 
arterioles were filled svith hyaline thrombi 
completely occluding the vessels. 

There was marked congestion of the renal 
glomeruli. While the capsules were distended 
and, in many glomerufi, showed slight to 
moderate thickening, there was no regular 
inflammatory reaction. All of the proximal 
convoluted tubules showed marked epithelial 
swelling, almost closing the lumina in many 
instances and constituting a marked nephrosis. 
In contrast to this the distal tubules were well 
presenud although they contained much 
albuminous and hemoglobinuric material. 

The inner third to half of each liver lobule 
showed much fatty change, whereas the outer 
half was markedly congested. In the inter- 
lobular capillaries were seen a greater number 
of leukocy'tes than normal. There was an 
occasional swollen Kupffer cell and slight to 
moderate infiltration of leukocytes in the 
perilobular connective tissue. The nuclei of 


the hepatic cells were in general well pre- 
served, except in the areas of marked fatty 
degeneration. 

In tlie upper gastrointestinal tract the 
squamous epithelium of the esophagus was 
generally intact but the mucosa was swollen 
with distended capillaries, marked interstitial 
edema and leukocytic infiltration. The mus- 
cular layers all showed some swelling due to 
interstitial edema. Unfortunately, sections from 
the stomach were lost. The duodenum showed 
acute focal necrosis of the epithelium and a 
marked inflammatory reaction in the mucosa 
and submucosa. 

The adrenals revealed medullary edema and 
focal degeneration in the cortex. There was 
hyperplasia of the splenic pulp with conges- 
tion and hemorrhage. 

The pathological diagnosis was acute ulcer- 
ative tracheobronchitis, bronchiolitis and 
bronchiolar pneumonia, with secondary to.xic 
changes in the heart, kidney and liver; acute 
esophagitis; acute gastritis; acute duodenitis. 

Discussion. For a specific toxico- 
logic diagnosis it would, of course, be 
desirable to have identified the pres- 
ence of diazomethane in the blood 
stream or the tissues of the patient. 
However, the great instability and the 
high reactivity of the poison as well 
as the time which elapsed between 
exposure and the conclusion that diazo- 
methane was the responsible agent, a 
matter of some 72 hours, made such a 
procedure entirely unfeasible. Further- 
more, there is apparently no test avail- 
able at this time by which such an 
identification could be made. 

Sunderman’s patient^® gave an un- 
questionable history of hay fever and 
asthma. The manifestations which he 
exhibited resembled those of bronchial 
asthma so strongly that therapy early 
in die course of that patient’s illness 
was directed along those lines. In the 
present case there had never been any 
allergic phenomena during the patient s 
lifetime. 'The clinical appearance was 
that of a fulminating pneumonia. The 
reason for the difference in the mani- 
festations is open to question. The 
degree and duration of exposure to 
diazomethane is without doubt of con- 
siderable importance. Of great moment. 
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also, is the mode of action of this agent. 
Due to its high reactivity it combines 
readily with Ae tissues. In the present 
case it is probable tliat the intense 
involvement of the tracheobronchial 
tree was due to direct contact with 
inhaled gas while the pronounced gas- 
trointestinal changes were possibly 
similarly due to contact with the 
diazomethane-contaminated sandwich 
eaten while the patient worked in the 
laboratory. It is of great interest to 
note that there was no complaint of 
dysphagia at any time. 

Flury and Zemik^ state that there is 
a slow reaction of diazomethane with 
water to form methyl alcohol, \wth the 
liberation of nitrogen. Oxidation of 
methyl alcohol produces formaldehyde. 
Lehmann and Flury"^ point to the for- 
mation of formaldehyde and formic 
acid from methyl compounds, such as 
diazomethane, and include these sub- 
stances among the true enzyme poisons. 
Axmacher® has found that diazometli- 
ane inactivates zymase as well as 
carboxylase in yeasts. From these state- 
ments it seems probable that it has a 
similar eflFect on enzyme systems in 
animal tissue. 

In areas such as the trachea the 
action of diazomethane appears to be 
corrosive, at least in part. However, its 
influence on tissues where there has 
been no direct contact cannot be of this 
character. Landsteiner and DiSomma®, 
who employed diazomethane as a sensi- 
tizing agent in order to produce allergic 
effects, noted that the reactivity of this 
poison is so great “that it doubtless 
combines with substances of the animal 
body rapidly after administration and 
for this reason the spread of sensitiza- 
tion can hardly be ascribed to die dis- 
tribution of the exciting substance itself 
but to transportation of some sort of 
conjugate (such as methylated protein) 
or, perhaps, antibodies”. 


In a discussion of the industrial haz- 
ards presented by organic chemical 
synthesis Watrous^^ points out that the 
active agents used to attack and modif)' 
the structure of organic compounds 
are, by their very nature, exceptionally 
able to modify the organic compounds 
of the human body, thus producing 
highly poisonous effects. Watrous also 
notes that die intermediate compounds 
in most organic syntheses are often 
characterized by the readiness with 
which they enter into chemical com- 
bination with other organic matter; 
they are active. This frequently confers 
toxic properties of great variety upon 
them. Of great importance is Ae fact 
that any investigator who works with 
diazomethane, or any other agent such 
as Watrous describes, is employing a 
powerful and deadly chemical. It be- 
hooves those who supervise laboratory 
procedures to be aware of the dangers 
inherent in the activities of their stu- 
dents or assistants and to give full and 
adequate emphasis to those dangers 
when any hazardous project is under- 
taken. 

Summar}'. A report of the clinical 
features and autopsy findings in a case 
of poisoning by diazomethane has been 
presented. Diazomethane is a highly 
toxic agent which appears to have a 
corrosive action upon tissues with 
which it is in direct contact. In addi- 
tion, it appears to produce sensitizing 
effects so tliat part of its insidious char- 
acter lies in allergic reactions which 
may arise in any area or organ of the 
body not directly ex-posed to it. The 
clinical picture tlius produced may 
resemble bronchial asthma or a ful- 
minating pneumonia. The great caution 
necessary' on tlie part of those who 
work with tliis agent is clearly eiident 
and should be stressed whenever its use 
is contemplated. 
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In the course of the routine review 
of blood films a peculiar red cell, 
measuring about 7.5 micra or less in 
diameter and having one or more large 
spiny projections along its periphery, 
was seen from time to time. The 
impression was gradually gained that 
tliis form represented an entity which, 
although occasionally encountered in 
other conditions, occurred most fre- 
quently in uremia, carcinoma of the 
stomach, and peptic ulcer with bleed- 
ing. We have found that this peculiar 
poikilocyte, which we have designated 
"burr” cell, often offers tlie first clue 
to diagnosis. Experience has taught us 
to use “burr” cells as valuable sign- 
posts in tlie etiologic evaluation of 
anemias. This study was undertaken to 
test the validity of what, to the present 
time, had been simply an impression, 
and to determine the frequency witli 
which “burr” cells occur in botli normal 
and abnormal states. 

Material and Methods. Blood films from 75 
cases of uremia, 50 cases of carcinoma of 
the stomach, and 50 cases of bleeding peptic 
ulcer were studied. The control series was 
made up of 2 groups. The first consisted of 
100 consecutive blood films obtained from 
patients entering tlie medical wards of the 
liospital for miscellaneous conditions and hav- 
ing no hematologic aberrations, wlule the 
second was made up of 100 similarly obtained 
bloods which showed some hematologic 
abnormalitj' such as anemia, leukocytosis, 
poikilocytosis, and so on. 

* Aided bj' a grant from ihc Wilson Laborat 


The diagnosis of uremia was made on the 
basis of azotemia together with one or more 
of the clinical findings of nausea, vomiting, 
irritability, letliargy, uremic frost, pericarditis, 
and coma. All patients had blood creatinine 
levels of 3 mg. per 100 cc. or over and non- 
protein-nitrogen levels of 70 mg. per 100 cc. 
or more. Of the 75 patients whose bloods 
were studied, 71 died. The blood pressure 
was 150/90 or over in 62 (82%) of these 
cases. 

The diagnoses of carcinoma of the stomach 
and bleeding peptic ulcer were substantiated 
by gastroscopy. Roentgen-ray, and, or, sur- 
gery. 

One thousand red blood cells were counted 
on each dry blood film. In addition, 25 wet 
preparations were made; 15 from the blood 
of uremic patients, 5 from patients vnth 
carcinomas of the stomach, and 5 from 
patients with bleeding peptic ulcers, in order 
to study tlie appearance of the cells in a 
relatively unmodified state. 

We were particularly interested in 
determining whether the “burr” cell 
was a form of poikilocyte or a cre- 
nated cell. The appearance and fre- 
quency of occurrence of tlie “burr” cell 
in the wet preparations leaves little 
doubt but tliat tliese cells represent a 
preformed poikilocyte and not a cre- 
nated cell. There are occasional “burr” 
cells, however, which are difficult to 
differentiate from crenated cells (Figs. 
2 and 9). 

The “burr” cell is a mature eiyThro- 
cyte about 7.5 micra or less in diameter, 
which has one to several spiny pro- 
jections along its peripher}^ We ha\-e 

ies, Chicago, Illinois. 
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Figs. 1 to 6. Various kinds of “Burr” cells. 



(Cont’d) 



Figs. 10 - 12. Crenafed Erythrocytes. 
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chosen to call it “burr" cell because 
of its resemblance to the prickly enve- 
lope of a burr. “Burr” cells differ from 
crenated red cells in that the latter 
have many, fairly symmetrically 
arranged small spiny projections which 
often occur on the surface as well as 
the peripheryj and whereas crenated 
cells occur in groups, sometimes more 
in one area than another, “burr” cells 
are fairly evenly scattered throughout 
the blood film. In the enumeration ot 
“burr” cells for this study only those 
were counted which were untouched 
by adjacent cells and which were 
located in fields in which no crenated 
cells were present. 

Of the 75 cases of uremia, 54 cases 
(7S%) showed “burr” cells. The range 
of incidence of the "burr” cell in this 
group was 0.1% to 1.5% ( 1 to 15 “burr” 
cells per 1,000 red cells counted). No 
correlation existed between the inci- 
dence of “burr” cells and race, sex, 
age, height of blood pressure, anemia, 
color index, or the levels of the non- 
protein-nitrogen or creatinine. 

Of tlie 50 patients with carcinoma of 
the stomach, 34 (68%) had “burr” cells. 
The percent incidence of tlie “burr” 
cell in this group was from 0.1 to 3.7 
(1 to 37 “burr” cells per 1,000 red 
blood cells counted). No correlation 
was demonstrable between the inci- 
dence of “burr” cells and race, se.x, age, 
and the anemia or the color index. 

Of the 50 patients widi bleeding 
peptic ulcers, 27 (54%) showed “burr” 
cells. The range of tlie incidence of 
“burr” cells in tliis group was 0.1% to 
1.2% ( 1 to 12 “burr” cells per 1,000 red 
cells counted). In tin's series tliere 
were 37 patients witli duodenal ulcers, 
11 witli gastric ulcers, and 2 \wtli 
marginal ulcers. No correlation e.xisted 
between “burr” cell incidence and die 
site of the ulcer, race, sex, age, anemia 
or the color index. 

On the 100 blood films of die control 
group u'hich revealed miscellaneous 


non-hematologic diseases, no “burr 
cells were found; while in the 100 prep- 
arations obtained from patients show- 
ing some hematologic aberration, 2l 
had “burr” cells. The 21 cases were 
made up of the following conditions; 


Azotemia Jr 

Organic Heart Disease 1 

Organic Heart Disease witli Failure 5i 
Carcinoma— Rectum 2 

Carcinoma— Gastro-intestinal— site 

unknown 2 

Carcinoma-stomacli 1 

Pernicious Anemia i 

Pernicious Anemia— with Carcinoma 
of Stomach l 

Malnutrition i 

Tuberculosis 1 

Tii3TOto.’dcosis 1 


Discussion. This study failed to 
reveal the pathogenesis of the “burr” 
red cell and did not elucidate die coni 
mon denominators among uremia, 
carcinoma of the stomach, and bleeding 
peptic ulcer. Severity of anemia, level 
of color index, amount or duration of 
bleeding, degree of nitrogen retention, 
age, sex and race were all taken to be 
insignificant. H)’|ioproteinemia and 
blood in the intestinal tract may play a 
part. Dehydration is apparently not a 
significant factor, as we have not com- 
monly obsen^ed “burr” cells in severely 
dehydrated diabetic patients in acid- 


TABLE 1. OCCURRENCE OF "BURR” 
CELLS IN THE CONDITIONS STUDIED 

Incidence Ranjie of liio- 


Condition Number of of "Burr” 

donee of "BurT” 

Cases 

Cel! 

'c 

Ce))^ 


Number 

Percent 

Normal 100 

none 

0 


Various 




hematologic 




abnor- 




malities* 100 

21 

21 

— 

Uremia 75 

54 

7.3 

0.12-1.52 

Carcinoma of 




stomach 50 

34 

6S 

0.12-3.72 

Bleeding pep- 




tic ulcer 50 

27 

54 

0.12-1.22 


“ These include an undetermined but prob- 
ably small number of cases of uremia, car- 
cinoma of the stomach, nephritis, and so on. 
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osis. It is interesting that in the control 
group of miscellaneous hematologic 
conditions the most frequent common 
denominator was renal impairment. 

SummarjL In the peripheral blood of 
patients wth uremia, carcinoma of tire 
stomach, and bleeding peptic ulcer, 
peculiar poikilocytes frequently occur 
which we have designated as “burr” 
cells. 

“Burr” cells occurred in the bloods of 


1 %% of the patients with uremia, 68% of 
carcinoma of the stomach, and 54% of 
bleeding peptic ulcers. 

“Biut” cells are very rare in normal 
bloods (none in 100 control cases), but 
occur in conditions other than the 
above mentioned— though their pres- 
ence should always suggest additional 
renal involvement. 

Conclusion. “Burr” cells are valuable 
sign posts in the study of anemias. 
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The field of parenteral fluid therapy 
has been developed chiefly during the 
past 25 years. General progress in the 
fields of biochemistry and physiology 
as well as more specific investigations 
on fluid and electrolyte metabolism 
have supplied a basis for the rational 
use of such solutions as saline, glucose, 
sodium bicarbonate, and sodium lactate 
in the treatment of deh)'dration and 
acid-base disturbances. The literature 
contains a number of e.xcellent re\'iews 
which summarize these basic studies 
and therapeutic procedures^ 

During the past few years a number 
of other substances, namely, ammo- 
nium chloride, potassium salts, protein 
digests and whole blood ha\'e assumed 
importance in parenteral therapy. It is 
the purpose of the present paper to 
re\-iew the advances in the fields of 


ammonium chloride and potassium 
therapy. 

Potassium. Until about a decade ago, 
it was generally assumed that such 
ions as sodium and chloride were e.vtra- 
cellular, tliat others such as potassium 
and magnesium were predominantly 
intracellular, and that there was little 
e.vchange of these various ions across 
the cell wall. The work of Hastings, 
Eichelberger and their associates--'’-^®- 
^n-70 Qj^ calculabon of the e.-^tra- 
cellular and intracellular phases of 
musele tissue were based on such 
assumptions and the results of their 
work substantiated these assumptions. 
However, Hastings carefully pointed 
out at. this time that these assumptions 
held under essentially normal ph\'sio- 
logical conditions. During the past dec- 
ade there has accumulated increasing 

(567) 
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through the perspiration. Estimations 
of the excretions are, however, usually 
based on urine and stool analyses; it is 
found tliat about 10 to 20% of the potas- 
sium is excreted in tlie stools, and the 
remainder in the urine. These state- 
ments may be illustrated by reference 
to specific studies. For example, Bas- 
sett and his associates^ found, in one 
instance, tliat on an average daily intake 
of 3.79 gm,, the excretion was 3.19 gm,; 
of tliis amount 14% was in tlie stools. In 
dieir series of classical studies on chem- 
ical growtli in children, Macy and her 
co-workers®® found that, in children 
ranging from 4 to 12 years of age, tlie 
excretion ranged from about 90 to 96% 
of the daily intakes, 2.5 to 3.5 gm. The 
fecal excretion ranged from 8 to 16% 
of the total excretion. 

There appear to be only a few studies 
which indicate the minimal intake of 
potassium that is necessary on a com- 
plete and adequate diet to keep the 
body in potassium balance. Fasting 
adults who receive water may excrete 
daily from 30 to 76 m.Eq. (1.2 to 3.0 
gm. ) of potassium--’ Tarail and 
Elkinton^®® found tliat the daily loss of 
potassium was of about the same order, 
49 to 53 m.Eq., when a normal indi- 
vidual was on a calorically adequate 
but practically potassium free diet. 
On adequate daily diets containing 99 
to 116 m.Eq. of potassium per day, 2 
normal individuals showed balances 
ranging from —30 to -f-13 m.Eq. per 
day. It would be of value to obtain 
additional balance data in normal indi- 
viduals at intermediate potassium in- 
takes. 

Loss OF Intracellular Potassium 
IN Disease. In 1933, Butler, McKhann, 
and Gamble® obser\’-ed that infants who 
liad been suffering from severe diar- 
rhea excreted, during die first 24 hours 
after being placed on glucose and 
saline, more potassium than could be 
accounted for on die basis of tissue 
destruction, as measured by the excre- 


tion of nitrogen. The losses of intra- 
cellular water, calculated on the basis 
of nitrogen excretion, were less dian 
those calculated on the basis of the 
amounts of potassium excreted. These 
findings indicated that potassium and 
water were leaving the cells. 

These findings were established 
again by Darrow^® in 1946. \\ffien 
infants wth diarrhea were admitted to 
the hospital and placed on parenteral 
fluid dierapy consisting of solutions of 
saline, lactate, glucose and of blood, 
there occurred marked negative potas- 
sium balances. Correction for the 
amount of potassium resulting from 
tissue breakdown showed that potas- 
sium was migrating out of die cells. 
When potassium chloride was added to 
die diet in the next metabolic period, 
a marked positive balance of potassium 
resulted. For example, in one case, the 
potassium balance was —8.43 m.Eq. 
during a 39.5 hour metabolic period on 
the usual parenteral fluid therapy. 
When 2 gm. of potassium chloride were 
given during die next metabolic period 
of 49.5 hours, the potassium balance 
was positive to the extent of 23.1 m.Eq. 
We shall consider presently the odier 
significances of tiiis uptake of potas- 
sium, but it may be noted here that 
such uptake was further indication diat 
die cells had been depleted of potas- 
sium. 

Darrow’s observations and penetrat- 
ing inferences'®’^® have been followed 
by a number of otiier reports which 
demonstrate the passage of potassium 
across cellular membrances in other 
diseases or in marked physiological de- 
rangements. Danowski and his associ- 
ates^’® have sIiovti diat in familial peri- 
odic paralvsis the onset of episodes of 
paralysis is associated with a transfer 
of potassium from the e.xtracellular to 
the intracellular phase, resulting in a 
sharp decrease in the concentration of 
potassium in serum and presumably 
also in the e.xtracellular phase. Elkin- 
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ton, Taraii and Peters-^ have observed 
tliat occasionally in patients with renal 
insufficiency and h)’perpotassemia, 
potassium may be taken up by tire 
cells. It had also been shoum that in 
animals, diets low in potassium®-- 
injections of desox)'corticosterone ace- 
tate-“'-®, estradiol benzoate or testo- 
sterone propionate'® cause a reduction 
in the potassium content of muscle. 

In the clinical conditions which we 
mentioned above, tlie interchanges of 
intracellular potassium were demon- 
strated indirectly by balance studies. 
There are, however, a few direct analy- 
ses of tlie potassium content of muscle 
which support tliese conclusions. Dar- 
row reported that in babies d)'ing of 
diarrhea die potassium content of mus- 
cle was about 40 % less than that of 
normal muscle^®. Mudge and Vislock)''® 
analyzed biopsy specimens and found 
diat the contents of potassium in die 
muscle of 3 patients wadi renal acidosis 
were 74.5, 69.1 and 66.1 m.Eq. per kg. 
of fat-free tissue. In 3 patients uidi 
gastric alkalosis, the concentrations 
ranged from 51.4 to 85.7 m.Eq. per kg. 
These were lower dian the values from 
3 normal individuals, namely, 81.9, 87.0 
and 88.0 m.Eq. per kg. 

Relationship Betu-een Sodium and 
Potassium Interchanges. A number of 
investigators have shovTi that an inter- 
relationship e.-dsts behveen sodium, 
potassium, chloride and bicarbonate 
ions. Wdien the muscle potassium in 
rats was decreased by feeding a diet 
low in potassium or by injecting 
deso.xvcorticosterone acetate, the con- 
centration of intracellular sodium 
rose-'. Simultaneously, die concentra- 
tion of bicarbonate in the e.vtracellular 
phase (plasma) rose and that of chlo- 
ride declined. When acidosis was pro- 
duced, the intracellular sodium in- 
creased. 

In general, then, serum bicarbonate 
varied directlv with the intracellular 
sodium and inx-ersely with the intra- 


cellular potassium. Fox and Baer^ 
found that when die hind leg of a 
mouse was injured by tourniquet trau- 
ma or by scalding, the injured leg lost 
a considerable amount of potassium 
but gained sodium. Conversely, the 
opposite uninjured leg lost sodium but 
gained potassium. The direct analyses 
of kludge and Vislock}'"® on human 
muscle show diat in acidosis and alka- 
losis die concentration of intracellular 
sodium rises as the concentration of 
intracellular potassium decreases. Thus, 
whereas the normal concentration of 
sodium ranged from 2 to 14 m.Eq. jier 
liter of intracellular neater, concentra- 
tions from 17 to 40 m.Eq. per liter u'ere 
obtained in acidosis and from 13 to 74 
m.Eq. per liter in alkalosis. 

The interdependence between potas- 
sium, sodium and bicarbonate ions has 
also been observed clinicall}'. A few 
instances of diis may be cited in illus- 
tration. McQuarrie, Johnson and Zieg- 
ler®' reported a case of Cushing’s dis- 
ease which had a CO; combining power 
of 112 \'ols. per 100 cc. and a pH of 
7.55 to 7.60. The concentrations of die 
odier ions (as read from die audiors 
Chart) were as follows per liter: Na+, 
155 m.Eq.; K+, 2 m.Eq.; HCO";, 42 
m.Eq.; Cl", 88 m.Eq. In another in- 
stance of Cushing’s disease, Willson, 
Power and Kepler^®* obsen'ed die fol- 
lowng ionic concentrations per liter: 
Na+ 137 m.Eq.; K+, 2.2 m.Eq.; 
HCO~,-i, 46 m.Eq.; Cl", 78.0 m.Eq. 
Recentlv, it has been shonm that after 
operation, hypopotassemia may occur 
accompanied by an increased concen- 
tration of bicarbonate ion in the 
serum®® ■®'*’®®-®®. 

Hypopotassemia and Hyperpotas- 
SEMiA. As we have already seen, bal- 
ance studies can yield a fairly precise 
idea concerning the existence of intra- 
cellular potassium deficits. Since only 
about 10 to 20 % of excreted potassium 
is found in the stools, determinations 
of urinaiy' e.xcretion of potassium maj' 
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also serve as a valuable, though only 
approximate, guide of undue losses or 
of storage of potassium in the body. 
However, since the blood is most read- 
ily available for analysis, it is of inter- 
est to determine tlie extent to which 
the level of potassium in the serum can 
serve as an index of intracellular potas- 
sium deficits. 

A lowered concentration of serum 
potassium has been found in patients 
recovering from diabetic acidosis’""^'^^’ 
05,82,104^ in infantile diarrhea”^, alkalosis 
due to intestinal obstruction and vomit- 
ing''*, congenital alkalosis with diarrhea 
in early life^'^’^®, periodic paralysis---’’- 

28,40,41,09,105^ j^gpJjj.j[{-Jg8,87,90,103 

postoperative states®®-®^-®®-®'’. It will be 
recalled that most normal values for 
the concentration of seinim potassium 
range between 4 and 5 m.Eq. In 
familial periodic paralysis, values of 
between 2 and 3 m,Eq. per liter have 
often been recorded. Logsdon and Mc- 
Gavack®® have reported a value of as 
low as 1.0 m.Eq, in a patient ivith 
diabetic acidosis who developed respi- 
ratory paralysis and died. In renal in- 
sufficiency, die concentration of serum 
potassium may be either low, normal 
or high. Elkinton and his associates-^ 
found that of 26 patients with tonal 
insufficiency. 4 had serum potassium 
concentrations less than 3.5 m.Eq. per 
liter, 23 had concentrations between 
3.5 and 6.4 m.Eq. per liter, and 11 
showed values greater than 6.4 m.Eq. 
per liter. 

The concentration of potassium in 
I he serum represents the resultant of 
several processes, namely, introduction 
of potassium into the organism, libera- 
tion from or storage in the tissues, and 
excretion through the urine or stools. 
It does not necessarily follow, there- 
fore, that a low concentration of serum 
liotassium will be obtained when there 
is a low store of intracellular potas- 
sium. In the 6 cases of infantile diar- 


rhea studied by Darrow’®, the initial 
potassium concentrations were 7.4, 6.7, 
5.0, 5.5, 4.8, and 3.7 m.Eq. per liter. 
Some of diese results are high and, as 
will be seen later, may indicate renal 
impairment.Yet these patients had been 
losing potassium, continued to do so 
when placed on saline-glucose therapy, 
and presumably, therefore, had intra- 
cellular potassium deficits. Rapoport 
and his associates®® found that when 
the acidosis of infantile diarrhea was 
corrected by the administration of 
sodium bicarbonate, there occurred 
marked decreases in the concentration 
of potassium, as well as calcium and 
phosphorus. Decreases of tlie potassium 
concentration to between 2 and 3 m.Eq. 
per liter were common and occasion- 
ally values below 2 m.Eq. per liter were 
obtained. Tliey interpreted this finding 
to indicate an avid uptake of these 
ions by the previously depleted tissues. 
Although Rapoport and his co-workers 
reported no balance studies, it may be 
appreciated that his interpretations are 
in accord with the observations and 
conclusions later established by Dar- 
row. In the extremely rare condition of 
congenital alkalosis vfith diarrhea 
studied by Darrow”, low concentra- 
tions of serum potassium were obtained 
occasionally. The metabolic results 
showed that there was an excessive 
excretion of potassium in the urine and 
stools, and suggested that the initiat- 
ing force for this excretion was the 
driving out of potassium from the cells 
and its replacement by sodium. 

The genesis of hypopotassemia in 
diabetic acidosis has been investigated 
bv Danowski and co-workers’®. The 
classical studies of Atchley, Loeb. and 
their associates® had showm that dur- 
ing the development of insulin-with- 
drawal acidosis, there was a marked 
diuresis of large amounts of potassium, 
nitrogen, phosphonis and other ele- 
ments. In one case studied bv these 
investigators, there was a net loss of 
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385 m.Eq. potassium during a 4 day 
period ot acidosis. This is about 10 % 
of the total store in tlie body. Danow- 
ski and associates^® found that when 
the conventional therapy of insulin, 
glucose, and saline was administered 
to patients with diabetic acidosis, there 
occurred a rather sizable increase in 
the extracellular fluid volume of the 
body while at tlie same time potassium 
continued to be excreted from tlie 
body. For example, in a female diabetic 
weighing 50 kg., 74 m.Eq. of potassium 
were excreted during a 20 hour period 
on insulin, saline and glucose therapy. 
The extracellular fluid volume increased 
by 4.4 liters or by about 8 % of the body 
weight. The hypopotassemia of post- 
acidotic diabetes may accordingly be 
ascribed in part to a continued loss 
of potassium from the body, and in part 
to a dilution of the potassium ion as 
a result of the increased extracellular 
fluid volume. 

The extraordinary depletion of potas- 
sium which the cells of the body under- 
go during the development of diabetic 
acidosis and treatment with parenteral 
fluids devoid of potassium is mani- 
fested by an equally unusual retention 
which occurs when potassium is admin- 
istered to such patients. For example, 
in the case quoted above, Danowski 
and associates^® found that the admin- 
istration of 505 m.Eq. of potassium 
during a 47 hour treatment period 
resulted in the retention of 297 m.Eq. 
Of this amount, 292 m.Eo. were de- 
posited intracellulan'. Howard and 
Carey®® note an instance in which thev 
injected 467 m.Eq. of potassium (35 
gm. KCl) into a patient with diabetic 
acidosis in 18 hours; less than 100 
m.Eq. of potassium were found in the 
urine. Tarail and Elkinton^®® showed 
that, in contrast, normal individuals 
retained onlv 5 to 107 of a dose of 250 
m.Eo. of potassium. 

It has been shovm that the glomer- 
ular filtration and the renal e.xcretion 


of potassium may be decreased in 
patients with renal insuflSciency. 
Whether the concentration of serum 
potassium in this condition increased 
or not depends upon a number of fac- 
tors, namely, tlie intake of potassium, 
the extrarenal loss of potassium, the 
decreased renal excretion of potassium, 
the change in the volume of the extra- 
cellular fluid, and the interchange of 
potassium between tlie extracellular 
and intracellular phases®^. Certainly it 
would appear that in those cases in 
which hypeipotassemia occurs, the fac- 
tor chiefly responsible is the decreased 
renal excretion of potassium. Hyper- 
potassemia of this t^e does not favor 
intracellular deposition; of 9 cases 
studied by Elkinton and associates®^ 
on daily intakes ranging from 0 to 30 
m.Eq., 7 showed losses of intracellular 
potassium and only 2 showed slight 
deposition. The occurrence of de- 
creased concentrations of serum potas- 
sium in patients with renal insufiiciency 
is to be ascribed chiefly to the fact 
that although tlie renal excretion is 
decreased, the intake is limited because 
of anorexia, chiefly for foods contain- 
ing potassium, and losses occur through 
the gastrointestinal tract. 

The hypopotassemia in familial peri- 
odic paralysis appears to have an en- 
tirely different cause from those de- 
scribed above. It is, of course, well 
known that hypopotassemia in this 
condition with accompanying episodes 
of paralysis in induced by the adminis- 
tration of insulin, epinephrine or car- 
bohydrate^’. Why such stimuli should 
produce the hypopotassemia in patients 
with periodic paralysis but not in nor- 
mal individuals is not well understood. 
Danowski and his associates’® have 
.shown that the enisodes of paralysis 
are associated with small transfers of 
Dotassium from the extracellular to the 
intracellular phase. For example, in 1 
natient in ■>vhom paralysis was induced 
bv the administration of a potassium 
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free carbohydrate diet, die serum 
potassium decreased progressively from 
4.3 to 2.2 m.Eq. per liter. The intra- 
cellular entrance in several metabolic 
periods of 5 to 24 hours duration 
ranged from 5 to 20 m.Eq., approxi- 
mately equal to a decrease of about 
2 m.Eq, per liter in the 15 liter extra- 
cellular fluid volume of the patient. 

It is abundantly evident from the 
few examples which we have given 
that the concentration of potassium in 
the serum may, but does not neces- 
sarily, reflect the stage of depletion or 
repletion of intracelliflar potassium. To 
illustrate and summarize, the serum 
potassium is not low and indeed may 
be high in the active stage of infantile 
diarrhea where the potassium has left 
and is still leaving the cells. But in the 
tissue depletion of congenital alkalosis 
with diarrhea, it may occasionally be 
low, and in the postacidotic phase of 
infantile diarrhea, ingress from the 
extracellular fluid to the depleted cells 
leads very frequently to decreased con- 
centrations of serum potassium. The 
hypopotassemia of the postacidotic 
phase of diabetes mirrors well the 
extreme cellular depletion in this con- 
dition, but the hypopotassemia of 
familial periodic paralysis is due to 
some curious fault whereby some of 
the extracellular potassium, but enough 
to lower the concentration in the serum, 
is rather suddenly deposited in tlie 
intracellular phase. As we have seen, 
the situation in renal impairment is 
somewhat more complex. It may be 
appreciated that an understanding of 
the biochemical mechanism underhung 
the relations of serum and intracellular 
potassium in each disease is essential 
for the proper therapeutic emplojunent 
of notassium. 

Cltnical Symptoms of Potassium 
Deficiency. As we hax^e seen, the exist- 
ence of a notassium deficiency can be 
ascertained with considerable precision 
by balance studies and biochemical 


analysis of tlie serum. However, oppor- 
tunities for conducting balance studies 
are available in only a few hospitals. 
The precise chemical determination of 
serum potassium is a painstaking and 
time-consuming procedure, altliough 
the recent use of the flame photometer 
has facilitated such determinations 
greatly. It is, therefore, necessary in 
many instances to judge the existence 
of a potassium deficiency on the basis 
of history and clinical symptomatology. 

In the earlier stages of potassium 
deficiency, the patient shows a loss of 
strength and energy and is listless®'*. 
Many of the patients are unable to eat 
adequate amounts of food. This symp- 
tomatology is obwously common to a 
great many conditions and diseases. 
The manifestations of marked potas- 
sium deficiency are more distinctive®^. 
Weakness of the extremities becomes 
marked; flaccid paralysis, sometimes of 
the ascending or Landry's type, may 
then ensue. There is rarely any involve- 
ment of tlie trunk or cranial nerves. 
Weakness of the respiratory muscles is 
a grave symptom®®'®^'®®. The breathing 
becomes rapid and shallow and the 
symptoms of gasping for air, namely, 
use of accessory muscles, retrac- 
tion of head and neck, dilatation of 
alae nasi with each respiration, and 
“fish mouth” type of breathing become 
evident. There is very little movement 
of the chest wall and diaphragm. In 
the absence of prompt potassium ther- 
apy, respirator}' paralysis and death 
mav ensue. 

The changes in the electrocardio- 
2 ram associated with abnormalities of 
the concentration of serum potassium 
have received considerable attention®®- 
r. 7 .os,ioi.io 2 .iio,iij Winkler, Hoff and 

Smitld^® found the following changes 
upon the intravenous infusion of iso- 
tonic potassium chloride into dogs: in- 
crease in the amplitude of the T wa\'e 
at senim potassium concentrations 
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ranging from 5.0 to 7.8 m.Eq. per liter, 
depression of tlie S-T segment at 8 to 
10 m.Eq. per liter, intraventricular 
block at about 10 m.Eq. per liter, dis- 
appearance of tlie P wave at 9 to 11 
m.Eq., and cardiac arrest at 14 to 16 
m.Eq. per liter. The changes in man 
parallel, in general, tliose found in 
animals. As die serum potassium rises, 
there is first an increase in die ampli- 
tude of die T wave; dien a decrease 
in die amplitude of the R wave widi 
an increase in the amplitude of the 
S wave. At higher concentradons, there 
is a disappearance of die P wave, a 
depression of the RS-T segment and 
a widening of the QRS complex. There 
is incomplete accord, however, with 
regards to die concentrations of serum 
potassium at which these changes 
occur. Winkler, Hoff and Smitli^*^ as 
well as TaraiP®^,^®- found that in 
patients widi uremia and concentra- 
tions of serum potassium ranging from 
6.8 to 8.3 m.Eq. per liter, the most 
characteristic changes were peaked T 
waves and an increase in the duration 
of the QRS complex. Finch and his 
co-workers'^*® observed disappearance of 
P wave at between 9 and 9.5 m.Eq. per 
liter and spread of QRS complex at 
betiveen 9.5 and 10.5 m.Eq. per liter. 
Stewart and his associates®® reported 2 
cases with concentrations of 10.3 and 
10.6 m.Eq. per liter in whom there 
was disappearance of the P wai'es and 
widening of the QRS complexes. 

In hypopotassemia, the sequence of 
electrocardiographic changes is as fol- 
lows. With moderate decreases, the T 
wa\’e becomes slightly lower but 
broader, so that the Q-T interval as a 
whole i.s lengthened. .As the serum 
(lotassium concentration is decreased 
further, there is first a lowering or 
inversion of the T wave and then a 
sagging of the ST segment. With vcr\' 
low levels of potassium ( 1.5 m.Eq. per 
liter or less), there is a slow, staircase- 
like rise to a low late T wave®®. 


It must be emphasized tliat the rela- 
tionship between the level of potassium 
and the electrocardiographic changes is 
only approximate. For example, in a 
series of patients with diabetic acidosis, 
Martin and Wertman'^®-"'* observed that 
at normal serum potassium levels 
(4.2 — 5.8 m.Eq. per liter), 14 showed 
a normal amplitude of T waves, 12 a 
decreased amplitude, and 1 a very low 
T wave. At serum potassium levels less 
tlian 4.2 m.Eq. per liter, 1 showed a 
nonnal amplitude of T waves, 1 a 
decreased amplitude, and 9 a very low 
amplitude. In a similar series, Nadler 
and his associates®’ observed an 
approximate but a statistically signifi- 
cant correlation between tlie prolonga- 
tion of the Q-T interval and the 
decrease in the serum potassium. How- 
ever, a significant correlation could 
also be shown to exist between the 
height of the T wave and tlie pH of 
the serum. 

It is apparent that the proper use 
of electrocardiographic changes as an 
aid in the diagnosis of hypopotassemia 
or hyperpotassemia must take into 
account similar changes which may 
occur in other cardiac conditions. 

We may briefly review the chief fea- 
tures necessary for making a diagnosis 
of potassium deficiency and for insti- 
tuting potassium therapy. These are: 
(a), an awareness of the various con- 
ditions and diseases likely to be asso- 
ciated with this deficiency; (&), the 
presence of muscular weakness and 
paralysis, particularly those of the 
respiratory muscles; (c), characteristic 
electrocardiographic changes; (d), the 
concentration of the serum potassium. 

Treatment of Potassiitm Deficiency 
in Infantile Diarrhea. As a consequence 
of Darrow’s’® demonstration that infan- 
tile diarrhea was characterized bv a 
loss of intracellular potassium, and 
that this loss continued during the 
institution of the conventional saline- 
glucose therapy, he introduced a pro- 
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cedure which included the use of 
potassium chloride. Upon admission, 
the infant received an intravenous 
injection of whole blood or plasma 
(iO to 20 cc. per kg. of body weight); 
food and water by mouth was stopped. 
An intravenous infusion or subcuta- 
neous injection of a potassium chloride- 
sodium lactate solution was then 
started. The composition of this solu- 
tion, per liter, was as follows: K+, 35 
mM; Na+, 122 mM; C1-, 104 mM; 
lactate, 53 mM. This mixture could be 
made conveniently by adding 2 gm. of 
KCl and 3 gm. NaCl to 250 cc. of 
M/6 sodium lactate and 500 cc. of 
water. A dose of 80 to 150 cc. of this 
solution per kg. of body weight was 
given during tlie first 24 hours. In 
addition, a 5% solution of glucose was 
given intravenously so as to make a 
total water intake of 150 to 280 cc. per 
kg. of body weight. After the first day, 
and as long as the stools remained 
watery, 20 to 50 cc. of the potassium 
chloride mixture were given per kg. 
of body weight and enough 5% glucose 
to make a total water intake of 150 to 
200 cc. per kg. of body weight. Vitamin 
B complex and crude liver extract were 
also administered. Feeding was started 
and regulated in accordance widi tlie 
progress of the patient. 

It may be seen from the above that 
during the first day about 2.8 to 5.3 
m.Eq. (about 0.2 to 0.4 gm. of KCl) 
were introduced per kg. of body 
weight. In his previous balance 
studies, Darrow^® had observed tliat 
the average daily losses of potassium 
on tlie conventional glucose-saline 
tlierapy was about 1 to 1.5 m.Eq. per 
kg. In contrast, 2 infants who were 
placed on potassium therany initially 
showed positive potassium balances of 
3 and 8 m.Eq. per kg. of body weight 
during 4 daA's and 3.5 days of therapy. 
These results indicated intracellular 
deposition of potassium. 

it may be readilv appreciated that 


Darrow s studies show a convincing 
biochemical and physiological justifica- 
tion for the use of potassium chloride 
therapy in infantile diarrhea. 'Ihe ques- 
tion arises concerning tlie extent to 
which clinical results reflect this 
rational formulation. Prior to about 
1920, it was generally thought that 
severe infantile diarrhea or, as it is 
also termed, intestinal intoxication, was 
a highly fatal condition with a mor- 
tality ranging from 80 to 90%. In 1926, 
Powers®^ reviewed 64 cases which had 
been treated in New Haven Hospital 
from 1922 to 1925. Nine had been 
admitted in extremis or had their treat- 
ment interrupted by being taken out of 
the hospital. Of 19 who received no 
systematic treatment, 14 (70%) died. 
Thirty-six patients were submitted to a 
systematic regime which consisted of: 
(o), withdrawal of all food by moutli; 
(b), blood transfusions; (c), admin- 
istration of sodium bicarbonate; and 
(d), intraperitonal, subcutaneous and 
intravenous injection of Ringers solu- 
tion. Feeding was initiated only when 
toxic symptoms had abated or dis- 
appeared, began with very small 
amounts and was increased gradually 
in accordance witlr the clinical status 
of the patient, until tlie total caloric 
requirement was reached in a week or 
30 days. On this regime, 12 of tlie 36 
patients (33%) died. In 1933, Karelitz 
and Schick''^ submitted a plan of 
treatment which stressed (a), a more 
radical and longer than usual rest for 
tlie gastrointestinal tract, and (b), the 
intravenous drip infusion of a glucose- 
•saline or glucose-Ringer solution. The 
mortality in 53 cases treated by this 
method was 6 ( 12% ) . The a\'erage mor- 
talit)' for the preceding 10 vears at 
the same hosoital had been 64%. Camp- 
bell and Cunningham^- reviewed 574 
cases of non-snecific infantile diarrhea. 
Parenteral fluid therapv consisted 
usually of subcutaneous administration 
of normal saline. In severely ill patients. 
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tDe fluids were also administered 
intravenously or intraperitoneaUy. Ot 
tfle 574 cases, 283 were denydrated 
upon admission; die morcaJicy rate in 
tnese was 53.7%. In the 2di. winch were 
not dehydrated, the mortalit)' rate was 
only 2.4%. 'ihe overall morcaJity rate 
was 27.7%. Smellie'-*' studied 500 cases 
which had been admitted to the Birm- 
ingham Children’s Hospital (England) 
for several years prior to 193y. 'the 
therapeutic regime consisted of sub- 
cutaneous injections of saline, intra- 
venous injections of normal saline, glu- 
cose or blood, and withdrawal of food 
for the first 12 to 24 hours. The overall 
mortality was 240 ( 48%). However, 
when the whole group was subdivided 
into those who developed parenteral 
infection after admission to the hos- 
pital, those who had such infection at 
tlie time of admission, and those who 
never had any parenteral infection, 
tlie mortality rates were 78.8, 56.3 and 
11.3%, respectively. 

Much lower mortality rates have 
recently been reported. L. F. Meyer'^® 
has found that the use of sulfonamide 
drugs has decreased the mortality rate 
in Tel-Aviv from 50% before 1940 to 
7% in recejit years. During 1944 and 
1945, Weihl, Rapoport and Dodd^®® 
treated 292 infants and children with 
acute diarrhea. The therapeutic regime 
consisted of continuous intravenous 
infusion of saline, glucose, plasma, 
blood, and sodium bicarbonate if tlie 
carbon-dioxide combining power was 
less than 30 vols. %. Sulfonamides were 
also administered and feedings were 
gradually initiated in accordance with 
tile status of the patients. The patients’ 
illness ranged from “mild” to “very 
severe”; about 40% fell into the group 
of “sei'erely ill” and “very severely ill”. 
Of the 292 patients. 22 (7.5%) died. Of 
these patients, 3 died within 3 hours 
after admission before adenuate ther- 
anv had been instituted. Three other 
patients died of other causes after the 


diarrhea subsided. If these 6 patients 
are excluded, tlie mortality was 16 ot 
286 patients (5.6%). 

It is apparent from the considera- 
tions and the data which we have 
presented that, without considering tor 
the moment tlie therapeutic use ot 
potassium salts, the mortality rate in 
infantile diarrhea is dependent upon 
a number of factors. These are the 
state of dehydration and general con- 
dition of the infant upon admission, 
the presence, development and control 
of parenteral infection, tlie adequate 
parenteral administration of saline, glu- 
cose, blood, and lactate or bicarbonate 
and the judicious initiation and regu- 
lation of oral feeding. The available 
literature^-’®^’^®’®^'®*'^®® indicates that 
the general rate of mortality may be 
about 20%, but that in certain hospitals, 
the rate may fall below 10%, and, as 
in the case of Weihl’s report, as low 
as 5.6%. 

In view of the considerations just 
presented, tlie therapeutic use of 
potassium chloride by Govan and Dar- 
row^* can now be evaluated more 
precisely. During the months of June, 
July and August, a control group of 
babies with diarrhea was treated at the 
Harriet Lane Home in Balb'more by 
the conventional methods. Only those 
babies were admitted who were 
severely ill and who, it was thought, 
would not recover unless they received 
hospital treatment. There were 59 
babies in this control group but in 6 
of these, death was associated with 
sepsis or prematurity; in this group 
there were 17 other deaths. Tlie cor- 
rected mortality in this control group 
which did not receive potassium was 
17 of 53 (32%). During the^ months 
of .September to November, o2 cases 
received, as previously described, 
fluids and feedings containing potas- 
sium chloride. It Avas believed that the 
patients in this group had, in general, 
the same distribution of sev'erity of ill- 
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ness as the control group. Of these 
52 patients, there were 5 deaths. One 
death was associated with sepsis and 
another with prematurity, dhe cor- 
rected mortality was, therefore, 3 out 
of 50 (6%). On the basis that the con- 
trol and potassium-treated groups were 
strictly comparable, the ditference 
between the mortality rates of the 2 
groups is highly significant and attests 
to the efficacy of the potassium 
therapy. 

Butler and his associates'^-®” have 
recommended the therapeutic use of 
a solution which contains 2,24 gm. of 
sodium lactate, 0.58 gm. of sodium 
chloride, 0.89 gm. of potassium chloride 
and 0.25 gm. of potassium mono- 
hydrogen phosphate per liter of 10% 
dextrose. In terms of m.Eq. the con- 
centrations per liter, are as follows: 
sodium, 30 m.Eq.; chloride, 22 m.Eq.; 
potassium, 15 m.Eq.; phosphate, 3 
m.Eq. Forty infants with persistent 
infectious diarrhea were given about 
150 to 200 cc. of this solution per kg. 
of body weight per day together with 
50 to 100 cc, of saline; frequent trans- 
fusions of plasma and blood were also 
administered. None of these 40 infants 
died. It will be noted that the solution 
recommended by Butler was much 
more hypotonic with respect to sodium 
and chloride ions than that recom- 
mended by Darrow which contained 
122 m.Eq. and 104 m.Eo. per liter 
of these 2 ions, respectively. 

Treatment of Totassium Deficiency 
in the Fostacidotic Phase of Diabetes. 
When Holler^^ surmised that the res- 
piratory paralvsis which he was observ- 
ing in a diabetic during the post- 
acidotic phase of treatment might be 
due to a potassium deficiency, he drew 
blood for determination of serum 
potassium, then iniected 1.5 Efm. of 
notassinm chloride m a 2% solution dnr- 
inji the course of 35 minutes. Tlie 
sepim b'^fnrc treatment was subse- 
f^uentlv' found to have a potassium con- 


centration of 2.5 m.Eq. per liter. Within 
20 minutes after the end of injection, 
the patient showed dramatic improve- 
ment, and her respirations became 
normal. Additional potassium chloride 
was administered subcutaneously and 
orally during the next 2 hours to pre- 
vent recurrence of respiratory distress; 
the total amount given was equivalent 
to 8.7 gm. of potassium chloride. The 
patient experienced no further diffi- 
culty during her stay in the hospital. 
Her serum potassium and her electro- 
cardiographic pattern were restored to 
normal. 

Although there have been no reports 
concerning potassium therapy in large 
groups of patients in the postacidotic 
phase of diabetes, there have appeared 
a number of case studies, similar to 
that reported by Holler”^, which dem- 
onstrate rather convincingly that such 
therapy has been effective in counter- 
acting the symptoms of potassium 
deficiency and averting the possibility 
of a fatal outcome. Such are the cases 
reported by Nicholson and Branning®-, 
Frenkel and co-workers®®, and Tuyn- 
man and Wfihelm^”*. Howard and 
Carey®® have stated that potassium 
therapy in this condition is character- 
ized, not only by the prevention of 
potassium deficiencies, but also by the 
absence of edema and hypoproteinemia 
and a quicker recovery to fitness and 
regulation by insulin. 

The following doses and modes of 
administration have been found effec- 
tive in relieving acute potassium 
deficiency of the postacidotic phase 
of diabetes: intravenous iniection of 
1.5 gm. of potassium chloride in a 2% 
solution during 35 minutes, followed 
by a subcutaneous infusion of a 200 
cc. of a 2% solution of notassium 
chloride in 2 hours, and oral ingestion 
of 4 gm. of potassium citrate®®; 0.6 gm. 
of notassium chloride bv mouth every 
holf Four until 3.6 gm. had b^en 
given®®; 4 gm. of potassium chloride. 
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divided into 2 equal doses, by mouth^®; 
O.S gm. potassium chloride by moutii 
at /2 hour intervals for 6 doses^"*. 

We may see, then, that in general, 
between 2 and 4 gm. of potassium 
chloride have been found effective. 
This corresponds to between 30 to 60 
m.Eq. of potassium. It will be recalled, 
however, that the loss of potassium 
during tlie development of diabetic 
acidosis and treatment by saline-glu-. 
cose solutions may be as much as 300 
to 400 m.Eq. It follows, then, that 
where the diabetic acidosis has been 
\'er}'^ severe or prolonged, as in Holler’s 
case, larger doses, up to about 8 or 
10 gm. ( 100 to 125 m.Eq. ) of potassium 
chloride may be used during the first 
day of therapy, and may be continued 
if the symptoms of hjqiopotassemia do 
not abate. In administering such solu- 
tions parenterally it is necessary, in 
this as well as in other conditions, to 
regulate the rate of introduction so as 
to avoid toxic levels of potassium ion 
in the serum. Howard and Carey®"* 
suggest that the serum reaching the 
heart must not contain more than 7 
m.Eq. potassium per liter. This \vill 
usually be accomplished if solutions 
containing between 40 to 90 m.Eq. 
(1 to 2 gm.) per liter are infused at 
rates ranging between S and 12 cc. 
(120 to iso drops) per minute. The 
nroblem of potassium toxicity will be 
discussed more fullv later. 

Treatment of PnfaasHtm Deficienctf 
in Familial Periodic Parahjsis. We have 
seen that the hjaropotassemia in this 
condition is not due to an intracellular 
potassium deficiency, but rather to 
some factor which causes a shift of 
potassium from the extracellular to the 
intracellular comnartment. There have 
been no svstematic studies to determine 
the minimal amount of potassium nec- 
essar\’ to counteract the hxmo- 
notassemia. In general, .substantial but 
non-toxic amounts of potassium 
chloride or citrate have been given and 


found effective. Thus Herrington®’ 
treated 2 cases by administering orally 
5 gm. of potassium citrate whenever 
prodromal symptoms of muscle weak- 
ness and soreness became evident. 
Pudenz and his associates*® noted that 
the administration of 5 to 10 gm. of 
an aqueous solution of potassium 
chloride counteracted paralytic symp- 
toms within 30 minutes to 1 hour and 
enabled the patient to walk 2 hours 
after administration. The concentration 
of serum potassium rose from 10 mg. 
to 24 mg. per 100 cc. (2.5 to 6 m.Eq. 
per liter). 

Oral administration of 2 to 10 gm. of 
potassium chloride is adequate in most 
instances in abolishing episodes of 
paralysis and in preventing seizures®”. 
Howe\'er, tliere are some situations in 
which parenteral administration is nec- 
essary. For example, the patient 
reported by Pudenz and his associates®® 
suffered a paralytic attack in which he 
became unconscious and required arti- 
ficial respiration. The intravenous injec- 
tion of 1 gm. of potassium chloride 
produced a striking improvement 
within 20 minutes; the patient sat up 
and was able to converse. 

Postoperative Potassium Defi- 
ciency. A number of observations have 
recently been made to the effect that 
hypopotassemia may develop postoper- 
atively in patients who are given only 
saline, glucose and amino acids®®-®^-®®' 
*■'*. An idea of the therapeutic pro- 
cedure in this condition may be gath- 
ered from the recent work of Howard 
and Carey®®. A chronically ill patient 
was found, 17 days after operation, 
to be e.xtremely asthenic, with shallow 
respirations and barely obtainable 
peripheral refle.xes. The senim pota.s- 
siiim was l.S m.Eq. per liter. Amounts 
of notassiiim ranging from 54 to 134 
m.Eq. (4 to 10 gm. of potassium 
chloride) per dav were given for the 
next S davs. The concentration of 
potassium in the senim ro.se siowlv 
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until it attained a value of 3.2 m.Eq. 
per liter on the seventh day of therapy 
when there was a dramatic improve- 
ment in the clinical condition of the 
patient; he felt stronger, appeared 
more alert and the reflexes were now 
readily elicited. Two days later the 
serum potassium had risen to 4.1 m.Eq. 
per liter and the electrolyte pattern of 
the serum had been restored to normal. 
In this case a total of 991 m.Eq. of 
potassium (75 gm. of potassium 
chloride) had been administered. 

Potassium Toxicity. A knowledge of 
the circumstances under which potas- 
sium may become toxic is necessary in 
order to withliold its administration 
when contraindicated or to avoid over- 
dosage when such administration may 
ordinarily be employed. Tlie reader will 
recall tlie electrocardiographic results 
which Winkler, Hoff and Smith^^® 
obtained upon infusion of isotonic 
(1.12%) potassium chloride into dogs. 
Cardiac arrest and death occurred at 
a serum potassium concentration of 14 
to 16 m.Eq. per liter. This range of 
concentrations was obtained when the 
solution of potassium chloride was 
infused at a rate of 0.4 — 0.8 cc. per 
min. per kg. for about 40 minutes and 
when a total of 0.2 to 0.3 gm. of KCl 
(3 to 4 m.Eq.) per kg. had been given. 
A much smaller amount, 0.05 gm. or 
0.7 m.Eq. per kg. produces death 
if it is introduced rapidly enough so 
that a serum concentration of about 
15 m.Eq. per liter is produced. On 
the other hand, Winkler and Smith^^- 
showed that when doses of 0.2 to 0.3 
gm. (3 to 4 m.Eq.) of potassium chloride 
were infused into dogs at a sufficiently 
slow rate, the concentration of potas- 
sium in the serum rose only about 2 
to 3 m.Ea. and no grave symptoms 
ensued. Calculation from tliis rise and 
the excretion of potassium indicated 
tliat considerable amounts had been 
deposited intracellularly. 

Tt would appear from these experi- 


ments that the determining factor in 
toxicity and death as a result of admin- 
istration of potassium salts is the con- 
centration of potassium ion in the 
plasma and extracellular fluid. A rapid 
injection of a small amount can prove 
fatal whereas a slow injection or 
the ingestion of a large amount can 
be innocuous. The question arises 
whether these relationships also obtain 
in man. 

Large amounts of potassium salts 
can be taken by mouth with the pro- 
duction of only minor toxic symptoms. 
Talbott and Schwab^**® record the 
ingestion of 30 to 36 gm. of potassium 
chloride daily in 3 equal doses witliout 
any apparent iU-effects. Keith and his 
oo-workers^®'^‘^*®“ showed that the 
ingestion of potassium chloride or 
bicarbonate by normal individuals in 
doses ranging from 9.5 to 17.5 gm. ( 126 
to 172 m.Eq.) led to paresthesias of 
the hands and feet, and increases in 
the amplitude of the T wave. The 
concentration of potassium in the 
serum rose from a normal value of 
about 16 to 20 mg. per 100 cc. to a 
level of about 30 mg. per 100 cc. or 
7.5 m.Eq. per liter. The ingestion of 
smaller doses, 5 gm. of potassium 
bicarbonate (50 m.Eq.) by normal 
indmduals, did not lead to any 
paresthesias, to only slightly detectible 
changes in the electrocardiogram and 
to only small increases in the concen- 
trations of potassium. The increases 
were about 2 to 4 mg. per 100 cc. or 
0.5 to 1.0 m.Eq. per liter. 

It has already been pointed out that 
on die basis of experimental work in 
dogs, the lethaliU' of potassium 
appears to be dependent on the con- 
centration of the serum potassium: this 
fatal level in normal dogs is about 
15 m.Eq. per liter or 60 mg. per 100 
cc. It is obwouslv diflBcult to obtain 
comparable data in normal man. In 
the course of treating an infant vith 
diarrhea bv the subcutaneous in- 
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jection of a solution containing 
potassium chloride, Govan and 
\\^eiseth'*^ observed tlie development 
of potassium toxicit)'-. The infant sur- 
vived altliough a level of 12.3 m.Eq. 
per liter (49 mg. per 100 cc.) of 
potassium was attained. Howard and 
Carey^® record an e.vperience in which 
a considerable amount of a solution 
of potassium salt was injected wthin 
a few minutes into a patient who 
clearly had hj'popotassemia. Although 
no determination for serum potassium 
was done, the cardioscope showed an 
abrupt change from a low to a high 
potassium pattern. The patient died 
before the injection could be stopped. 
This case illustrates the necessity for 
introducing potassium salts paren- 
terally at such a rate as not to exceed 
a concentration in the serum which 
is toxic to the heart. 

It has been possible to obtain a 
more precise idea of the to.xicity of 
potassium in patients wth renal 
impairment. The following data show 
that the lethal le\'el of serum potassium 
in such patients is about 10 m.Eq. 
per liter. Marchand and Finch"^^ 
reported 2 cases of spontaneous potas- 
sium intoxication in patients widi 
uremia; no potassium other than that 
in the food or in blood transfusions 
had been given. It was possible to 
follow the electrocardiographic changes 
and the concentrations of potassium 
in the period immediately preceding 
death. In one patient in whom the 
N.P.N. had ranged from 15.5 to 20S 
mg. per 100 cc.. the concentration of 
potassium was 9.2 m.Eq per liter 20 
minutes before death and 9.S mEq. 
per liter in blood taken from the heart 
immediatclv after death. In a second 
natient with an N.P.N. of 2.5S mg. per 
100 cc.. the concentration of potassium 
was 9.2 m.Eq. per lifer 3 and Tl hours 
before deafh and 10.1 m.En. at death. 
Stewart. Shephard and Ilorccr®'' also 
reported an instance of .spontaneous 


development of potassium intoxication 
and deatli in the course of tlie 
neplirotic stage of subacute glomer- 
ulonephritis; the concentration ot potas- 
sium was 10.6 m.Eq. per liter at the 
time tliat the electrocardiogram showed 
auricular standstill and intraventricular 
block. It will be showm presently that 
in some studies in which potassium 
salts were fed to patients with renal 
impairment, serum potassium levels 
approaehing tliose just recorded were 
obtained witliout the accompanying 
development of grave to.xicity. 

It may be of interest at this point 
to describe tlie clinical symptoms of 
hyperpotassemia and potassium to.x- 
icity. We have already noted the 
cardiac findings, particularly as evi- 
denced in tlie electrocardiogram. 
Keith and his co-workers'^® observed 
that parestliesias of the extremities 
developed when the concentration of 
the potassium in the serum approxi- 
mated 7.5 m.Eq. per liter. This held 
for normal individuals as well as those 
wntli renal insufficiency. Finch, Sawj'er 
and Flynn®® found that flaccid paralysis 
may also be present at higher, near- 
lethal levels of potassium in the serum. 
Such paralysis may involve the extrem- 
ities and, to a lesser degree, the trunk. 

The susceptibility of patients with 
renal impairment to hyperpotassemia 
and potassium toxicity is, quite obvi- 
ously, due to decreased e.xcretion of 
potassium. However, such patients may 
liave a tissue potassium deficiency. It is 
of considerable importance from a 
therapeutic point of view, to know to 
’vhat extent thev may receive^ potas- 
sium. Greene and his associates''’ found 
that tlie ingestion of 19 mg. of 
notassium chloride (0.26 m.Eq.) ]tyr 
lb. of body wciflht by a patient with 
chronic glomerular nephritis increased 
the concentration of .scrum potassium 
to 44 mg. per 100 cc. (11 m.Eq. per 
literl; no statement was made con- 
ecminii the development of toxicity. 


TIlKRAPEUTICS 


581 


This observation is not in agreement 
with tliose ol Marchand ana Finch'^ 
and of btewart, Shepard and Horger®® 
which indicate that iO m.Eq. per liter 
is a letlial level. Winkler and his co- 
workers^^^ administered oral doses of 
potassium ranging from 67 to 134 m.Eq. 
(5 to 10 gm. of KCl) to 5 patients witn 
renal impairment. The concentrations 
of serum potassium increased in each 
of these patients; the maximal levels 
ranged from 6.3 to 8.0 m.Eq. per liter. 
Although similar doses did not produce 
any higher levels of serum potassium 
in normal individuals, the decrease to 
pre-ingestion levels was much more 
delayed in tire nephritic than in the 
normal. No symptoms of toxicity attrib- 
utable to potassium were observed by 
Winkler and his associates in the 
patients with renal impairment. 

Keith and Osterberg^^ have, how- 
ever, obtained some toxic effects with 
somewhat smaller doses of orally 
administered potassium. Ten patients 
with severe renal insufficiency received 
5 gm. of potassium bicarbonate (50 
m.Eq. of potassium). One of these 
patients had a blood urea of 74 mg. 
per 100 cc. In 9 of these patients, tire 
concentrations of potassium before 
ingestion of potassium bicarbonate 
ranged from 21.9 to 28.4 mg. per 100 
cc. (5.6 to 7.3 m.Eq. per liter). One 
and a half hours after ingestion, tlie 
concentrations in these patients had 
increased in each case and ranged from 
23.1 to 37.1 mg. per 100 cc. (6.0 to 
9.5 m.Eq. per liter). Paresthesias of 
the extremities occurred in 4 of tlie 
patients; the serum potassium in these 
instances ranged from 31.1 to 35.8 mg. 
per 100 cc. (8.0 to 9.2 m.Eq. per liter). 
In the 6 patients in whom paresthesias 
did not develop, tlie serum potassium 
ingestion ranged from 19.9 to 37.1 mg. 
per 100 cc. (5.1 to 9.5 m.Eq. per liter). 
Electrocardiographic studies of these 
patients showed a definite toxic effect 
on the heart, namely, intra^'entricula^ 


block, in only 1 case; tlie concentration 
of serum potassium m tnis patient was 
37.1 mg. per iOO cc. (9.5 m.iiq. per 
liter). 

The studies which we have reviewed 
would indicate that tlie administration 
of potassium to patients with renal 
insufficiency should be a very guarded 
procedure. Altliough potassium intoxi- 
cation may occur spontaneously, tlie 
work of Keith and Osterberg^'-*’*^®, of 
Greene"*^, and of Winkler^^^ indicates 
that small amounts of potassium, about 
50 m.Eq. (3.7 gm. of KCl) may be 
given by moutli witliout serious danger 
to some patients with renal insuffi- 
ciency. AWiough, therefore, tlie admin- 
istration of potassium \vith renal dam- 
age is in general contraindicated, it 
would seem that when there is real 
evidence of potassium deficiency in 
such a patient, tlie cautious adminis- 
tration, under proper clinical super- 
vision and with proper laboratory 
guides, of small amounts of potassium 
by moutli is to be considered. Even 
the intravenous infusion at very slow 
rates is not out of the question. How- 
ever, tliis field of tlierapy will be 
greatly aided by further ini^estigations 
concerning the tolerance to, and cel- 
lular storage of potassium in patients 
with renal insufficienev. 

Ammonium Chloride. Ammonium 
chloride has a number of therapeutic 
uses. It is, however, with its application 
in the treatment of alkalosis that we 
are here particularly concerned. 

Acidifying Action of Ammonium 
Chloride. The production of acidosis 
in man by ammonium chloride was 
first demonstrated by Haldane^”. After 
ingesting amounts ranging from 5 to 
55 gm., either in one or several doses, 
Haldane obsers'ed that tliis compound 
decreased the alveolar carbon dioxide 
pressure and the carbon dioxide capac- 
itv' of the blood. Respiration increased 
in depth and frequenev and. in one 
e.xperiment, the volume breadied per 
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mmute at rest increased 70%. Simul- 
taneously, the urinary excretion or 
titratable acid and ammonia rose. Hal- 
dane assumed, although he did not 
demonstrate, that the formation of 
urea was increased. This, however, has 
been observed by subsequent investi- 
gators. The acidifying action of am- 
monium chloride has been confirmed 
by many investigators and tlie mech- 
anisms of the body’s reaction to the 
ingestion of tliis compound and other 
acid substances has been studied in 

Haldane postulated tliat the am- 
monium chloride was metabolized to 
urea and hydrochloric acid according 
to the following reaction: 

2 NH 4 CI + COo CO (NHo )2 -f 
H 2 O + 2HC1 

This may be regarded as an overall 
reaction. It has been established that 
the liver is the physiologically impor- 
tant site of the conversion of ammonia 
into urea®^. The way in which ammonia 
is incorporated in the course of meta- 
bolic processes to form arginine, the 
immediate precursor of urea, has been 
considered in great detail by Krebs and 
Henseleit®-, Cohen and Hayano*"*, Bor- 
sook and Dubnoff®, and, most recently 
by Ratner and Pappas®®. It may be 
e.xpected that parenterally administered 
ammonium chloride will have essen- 
tially the same metabolic fate. In the 
course of a study of the intravenous 
injection of hypertonic solutions of 
various chlorides, \^Tielan’®^ found 
that 0.1 gm. ammonium cliloride per 
kg. of body weight could be injected 
per minute without toxic effect. Tliis 
dose caused a decrease in the pH of 
the urine and an increase in the e.vcre- 
tion of urea. 

Tlie effect of the introduction of 
ammonium chloride into the body on 
the acid-base reculating mechanisms 
mav be described brieflv. Tlie alveolar 
ventilation is increased and. accord- 
inclv. the alveolar earbon dioxide pres- 


sure is decreased. For example, in a 
subject studied by Sartorius, Koemmelt 
and Pitts®®, the alveolar pressure 
decreased from a normal level of 41.0 
mm. Hg. to one of 23.9 mm. after tlie 
ingestion of 40 gm. of ammonium 
chloride over a period of 3 days. This 
was indicative of an increase of 70% in 
alveolar ventilation. Gamble and his 
co-workers®"'®® showed that, in response 
to continued administration of ammo- 
nium chloride, tliere is first an increase 
in titratable acid and fixed base but 
that later, ammonia is substituted in 
progressively increasing amounts for 
fixed base in the urine. Pitts and his 
associates®® have recently studied tlie 
relationship of electrolyte pattern to 
renal function in ammonium chloride 
acidosis produced by feeding 10 to 15 
gm. over a period of several days. They 
observed that the plasma bicarbonate 
fell in exact proportion to the increase 
in plasma chloride. Since the load of 
bicarbonate presented to the tubules 
was decreased, the reabsorption of 
chloride increased. However, this in- 
crease was not large enough to prevent 
a net loss of chloride in the urine. 
Early in acidosis, the excess urinary 
chloride was neutralized mostly by 
.sodium from the body buffers. The loss 
of .'^odium was reflected in a decrease 
of the concentration of sodium in the 
r)lp'’ma. The loss of water from the 
bndv was derived chiefly from the 
extracellular fluid compartment. ^ Of 
particular interest were the findings 
obtained within 2 hours after the in- 
gestion of 10 gm. of ammonium chlo- 
ride. The e.xcretion of ammonia, as 
xvell as that of titratable acid, increased. 

Trcntmcnt of Alkalosis. Bothe^ ap- 
pears to have been the first to use 
ammonium chloride by mouth in the 
treatment of alkalosis occiuring either 
preoperatively or postopcratively. How- 
ever, no snccific doses were men- 
fmned. Chalmers" treated 2 cases of 
alkalosis due to severe intestinal 
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obstxuctiou trom abdominal tubercu- 
losis by administering per rectum 12 
gm, oi ammonium cnioride dissolved 
m 5 to 6 ounces ot water. 

The use of parenteral ammonium 
chloride therapy for treatment of 
alkalosis was initiated by Zintel, 
Rhoads and Ravdin^^^. They found 
that the decrease in the serum carbon 
dioxide in a 150 lb. adult ranged from 
0.6 to 1.5 and averaged 1.1 vols. % per 
gm. of ammonium chloride injected 
intravenously. Accordingly, they rec- 
ommended a dose of 16 mg. per kg. of 
body weight in order to reduce the 
serum carbon dioxide content by 1 vol. 
%. Two % solutions of ammonium chlo- 
ride in water, glucose or saline were 
employed. For example, in one patient 
with chronic peptic ulcer and stenosis, 
tire infusion of 700 cc. of a 2% solution 
decreased the carbon dioxide content 
from 113 to 85 vols. %. 

The effect of parenteral administra- 
tion of ammonium chloride in the treat- 
ment of alkalosis of congenital hyper- 
trophic pyloric stenosis in infants has 
been demonstrated by Forbes and 
Erganian®®. The previous treatment of 
this condition consisted in parenteral 
administration of dextrose and saline 
or lactate-Ringer. It was thought that 
if sufficient water and electrolyte were 
given, a satisfactory correction of the 
alkalosis would be attained through 
renal activity. However, such an 
adjustment usually required 1 to 2 days 
and might not be accomplished in 
cases of very severe alkalosis. Indeed 
Forbes and Erganian refer to tlie occur- 
rence of death in several infants before 
they could be prepared for operation. 

Restoration toward a normal elec- 
trolyte pattern and acid-base equili- 
brium was achieved much more ranidb' 
by the intravenous infusion of a l/6th , 
molar solution of ammonium chloride 
(8.9 gm. per liter) in isotonic saline or 
Ringers solution. The doses ranged 
from 10 to 37 cc. per kg. of bodv 


weight and were administered during 
the course of 30 minutes. Maximal 
decreases in the carbon dioxide content 
and pH, and the maximal rise in tire 
concentration of chloride were attained 
witliin 1 to 3 hours after the end of 
tire infusion. For example, a severely 
alkalotic infant weighing 2.2 kg. was 
given 60 cc. of the ammonium chloride 
solution. The CO 2 content decreased 
from an initial value of about 105 vols. 
% to about 68 vols. % at the end of 2 
hours. Tire pH fell from 7.63 to 7.47 
and the chloride increased from 73 to 
94 m. Eq. per liter. 

The extent to which the normal 
electrolyte pattern and the acid-base 
balance is restored depends on the 
severity of the initial alkalosis and the 
dose of ammonium chloride. However, 
only a very general rule can be given 
concerning the relationship between 
the two. Upon tlreoretical grounds, it 
may be calculated that 1 cc. of a I/6th 
molar solution of ammonium chloride 
should neutralize an equivalent amount 
of bicarbonate and reduce the carbon 
dioxide content by 22.4/6, or 3.7 cc. per 
liter of serum. If it is assumed that am- 
monium chloride and the bicarbonate 
are distributed in the total body water, 
then 1 cc. of ammonium chloride solu- 
tion per kg. of body weight should 
reduce the carbon dioxide content b)' 
3,7 X 3/2 or 5.6 cc. CO 2 per liter of 
serum or 0.56 vols. %. Actually, in 
the series studied by Forbes and 
Erganian, the lowering of die serum 
carbon dioxide content ranged from 
0.33 to 1.77 and averaged 0.88 I'ols. % 
for every cc. of molar-sixdi ammonium 
chloride solution administered per kg. 
of body weight. The cause for this 
variabilit)' requires further im^estiga- 
tion. 

Grace and Barr^^ studied a series of 
patients with intestinal obstruction in 
whom alkalosis had been precipitated 
hv a combination of frequent gastric 
lavage and the administration of large 
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amounts of sodium lactate in conjunc- 
tion with tlie use of sulfadiazine. Acute 
delirium was present in most of these 
cases. It was found that the intrave- 
nous infusion of a liter of a 2? solution 
of ammonium chloride during a period 
of 2'A to 3 hours resulted in an imme- 
diate improvement of the patient and 
elimination of tlie disturbing symp- 
toms. 

Toxic Effects of Ammonium Chlo- 
ride Administr.\tion. Rizvi and Luck- 
now”- used rapid injections of 10 cc. 
of a 5% solution of ammonium chloride 
to produce con\ailsion in schizophrenic 
patients. Such administrations corre- 
spond to a dose of about 7 mg. per kg. 
This dose is much less than the total 
doses, 89 to 330 mg. per kg., employed 
by Forbes and Erganian. However, 
these latter doses were usually infused 
\’er}' slowly during 30 minutes. Indeed, 
in one case, when a dose of 30 cc. per 
kg. of l/6th molar ammonium chloride 
was given in 18 minutes, an interval 
shorter than the usual 30 minutes. 


toxic s}Tnptoms de\'eloped; the baby 
became pale, had twitchings of the 
eyelids and hands, breathed irregularl)% 
developed bradycardia and showed a 
poor response to painful stimuli. It 
would, tlierefore, appear that the rate 
at which ammonium chloride is admin- 
istered must be watched carefull)' in 
order to a\'oid toxic reactions. 

In conclusion, it may be noted tliat 
potassium salts and ammonium chlo- 
ride have gained an important place 
during the past few years in the arma- 
mentarium of parenteral fluid therapy. 
The judicious use of these substances 
has in many instances ameliorated the 
condition of tlie patient or even proven 
a life-saving measure. Basic studies of 
electrolyte and water balance and of 
renal function have done much to 
supply a rational basis for the use of 
these substances, but further ini'cstiga- 
tions of this kind are indicated to in- 
crease and broaden their therapeutic 
effectiveness. 
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In the application of roentgen meth- 
ods to die investigation -of clinical 
problems, radiologists and their col- 
leagues have been principally con- 
cerned with the development of pro- 
cedures which demonstrate changes in 
anatomical structure. Relatively few 
efforts have been directed toward the 
development of methods which detect 
physiologic disturbance. It is perhaps 
not surprising that radiology has fol- 
lowed this pattern in its early stages 
of growth. The evolution of roentgen 
engineering has been such that radiol- 
ogists have been largely limited to 
methods in which one or more inde- 
pendently exposed films are made of 
die structure under examination. Al- 
though by proper timing of these 
exposures an evaluation of some func- 
tional processes may be attempted, 
such mediods patently favor the visual- 
ization of anatomical structure rather 
than physiologic pattern. 

Over die past few years, a number 
of developments have occurred which 
may well alter the trend which has 
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heretofore existed. New techniques in 
angiocardiography have opened the 
door to the study of many problems in 
cardiovascular physiology.. The recent 
application of Schmidt optics to the 
field of photofiuorography may soon 
make possible motion pictures of a 
qualify that compares favorably widi 
conventional roentgenograms. Also, the 
roentgenoscope, which inherently 
would be an excellent physiologic tool 
if it were not for its poor rendition of 
detail, may soon have its deficiencies 
corrected if current research to inten- 
sify or brighten the fluoroscopic screen 
is successful. 

In addition to the foregoing there 
has been one other instrumental devel- 
opment which appears to have consid- 
erable potential value in the study of 
physiologic phenomena. This is the 
electrolymograph^^, a device primarily 
developed for the recording of cardiac 
motion, but an instrument that may 
also be used to study the motion of 
any structure that can be seen roent- 
genoscopically or to study minute 
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changes in tissue density which may 
occur from physiologic activih-. 

The eIectrok)'mograph fundamen- 
talh’ consists of a small roentgen radia- 
tion detector, a simple amplifier, an 
oscillograph and a well regulated 
power supply. The radiation detector 
consists of a multiplier phototube and 
a small fluorescent screen, placed di- 
rectly o\'er the phototube’s sensitive 
surface. The detector is attached to 
the frame of a conventional roentgen- 
oscope and is mounted so that it as- 
sumes a position between the patient 
and the roentgenoscopic screen. 

In the recording of cardiac motion 
with the instrument, the radiation de- 
tector is first centered roentgenoscopic- 
ally o\'er the border of the cardiac sil- 
houette and then with the roentgen 
beam still turned on, the recording 
oscillograph is set in motion. As the 
cardiac border moves to and fro, the 
heart shadow may be seen to cover an 
increasing amount of the detector’s 
fluorescent screen during the e.\pan.silc 
phase of the cardiac cycle and a de- 
creasing amount of the screen during 
the contractile phase. The intensify or 
brightness of the Roentgen ravs pa.ssing 
through the detector’s fluorc.scent 
.screen thus varies in accordance with 
the motion of the heart border. Now 
these ra\'s cause the cmi.ssion of 
fluorescent light from the screen in 
pronortion to their intensitv and the 
iinderlvintt phototube reacts to this 
Ii[;ht bv uenernting an electric current 
in proportion to the intensits' or bn'cht- 
ncss of the fluorescent light. Therefore, 
the recording oscillograph to which 
the phototube is connected prints a 
vs.ise whose amplitude is a function of 
tlu' motion of the cardiac border under 
sti'dv. 

In their orieinni 'vork with the 
electrokvmoeraph. II c n n y a n d 
Roone’'"^ thought if important that 
the insfnimenf’s radiation defector be 
ahvass centered with its long avis 


parallel to the structural motion being 
recorded. Subsequent e.vperimental and 
theoretical investigations have pros’en 
tin’s restriction to be unnecessary, 
howes’er, and accordingly the mechan- 
ical design of the instrument has been 
simplified. 

It may be of interest to the reader 
at this time to relate a few of the 
events tliat led to the early research 
in electrok)'mography. Jacobi, Janker 
and Schmitz-® had conceived tlie idea 
of using an electronic radiation detec- 
tor to record cardiac motion during 
the early 1930s. At that time the only 
roentgen device with which cardiac 
motion might be recorded was the 
roentgen kymograph, an instrument 
first proposed by Sabat®^ and later 
jjerfected by Stumjjp®. This device, 
then as now, consisted of a lead dia- 
phragm in which was cut a series of 
narrow transverse slits appro.vimately 
one half inch ajrart. This diaphragm 
was placed in front of a roentgeno- 
graphic film and during the e.vposure of 
a patient’s chest, the film moved slowly 
dowmward behind the diaphragm. Any 
motion of the structures in the chest 
was recorded therefore on the film. 
Although much good work has been 
accomplished bv this device'-’-’’’”'- 
•ji the analytic difliculties in- 
herent in the unsharpness, the small- 
ness and the brevitv of its recorded 
waves have prevented it from becom- 
ing a widelv used tool cither in gen- 
eral radiologv or in the study of 
phvsiologic processes. 

.-\s a means of overcoming the limita- 
tions of the roentgen kvmograph. first 
lacobi and his c-o-workers-" and later 
ITeckrnann” considered the develop- 
nu-n( of an instrument in which an 
ionixaf'on chamber served as a radia- 
tion detector. Unfortunatelv, within 
the limits of practical design it was not 
nossible to build an instrument of this 
tvpe which was both stable in opera- 
tion and faithful in its recording char- 
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acteristics. Accordingly their efforts 
were not too successtul. Early in 1940 
however, the present writer^'-* had be- 
gun to use multiplier phototubes in 
Roentgen-ray exposure control ap- 
paratus and it appeared that the char- 
acteristics of this device were such 
that it might serve as an excellent 
radiation detector for recording cardiac 
motion. The pressure of war activity 
prevented anyone from taking advan- 
tage of tliis development until arrange- 
ments were made with the U. S. Public 
Health Service early in 1945 to have 
Boone assigned to the laboratory of 
Chamberlain and Henny. Boone went 
to Philadelphia and work on the 
electrokymographic project was begun. 

When the first instrument was con- 
structed, there immediately arose the 
question concerning what name should 
be applied to the device. In corre- 
spondence and conference between 
Henny, Boone, Chamberlain and the 
author, several names were proposed 
including the term, fluorocardiograph. 
This name was discarded since the 
instrument was potentially useful in 
other fields than cardiography. The 
author suggested the tenn, electro- 
kymograph, and although this name 
had several shortcomings, it was finally 
adopted by the group. Possibly the 
term, fluorokymograph, would have 
been better. HowcA^er, the instrument 
has found use as a plethysmograph^ in 
which visible light instead .of roentgen 
radiation is used as the activating 
medium. In view of these and other 
considerations the name, electrokymo- 
graph, has persisted. 

In addition to the pioneer work by 
Henny and Boone, fundamental elec- 
trokymographic research has more re- 
cently been conducteed by Hjelmare^® 
in Sweden and Marchal-® and Lian 
and Minot'® in France. Hjelmare em- 
ploys a Geiger-Muller counter as his 
radiation detector, whereas the French 
workers xtse conventional phototubes 


and sensitive amplifiers. Both groups 
have obtained good results. The sim- 
plicity of the multiplier phototubes em- 
ployed by American investigators, 
howe\'er, favors tire use of these de- 
vices over their European counterparts. 

In their early work with the electro- 
kymograph, Boone, Henny and their 
co-workers^’® devoted most of their 
effort to the analysis of cardiac motion 
and in particular to the motion of the 
left ventricle, tire right auricle, the 
aorta and the pulmonary artery. For 
each of these structures they obtained 
complex, yet rather characteristic wave 
patterns. In order to correlate these 
wave phenomena with the events in the 
cardiac cycle that were responsible for 
tliem, it was necessary to record simul- 
taneously with the electrokymographic 
tracings, a reference tracing of some 
other cardiac activity whose wave pat- 
terns were well understood. The 
carotid sphygmogram was used for 
this purpose. 

Electrokvmograph’c tracings were 
made by; 1, placing the patient in front 
of a roentgenoscope to which the in- 
strument's radiation detector was at- 
tached. 2, guiding the radiation detec- 
tor under roentgenoscopic control to a 
position over die heart border and, 3, 
then setting the oscillograph in mo- 
tion. During the recording of the 
cardiac activity, the patient was re- 
quested to stop breathing. 

The patients were examined in both 
die upright and recumbent positions. 
Tlie sensitivity of the electrokymo- 
graph was adjusted individually for 
each patient so as to yield a tracing 
in which the amplitude of the waves 
approached 15 to 20 mm. With such 
an amplitude, the resolution of the 
various complex patterns was excellent 
and permitted ready analysis. 

In this experimental work, the elec- 
trokjmiograph was arranged so that 
upward moving limbs of the record- 
ings represented expansile or filling 
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plienomena of tlie heart while douTi- 
ward moving limbs represented con- 
tractile or emptj'ing phenomena. The 
steeper tlie slope of a \vave limb, the 
more rapid was the action or movement, 
and tlie less steep the slope, the slower 
was the action. Changes of slope upon 
a limb, in general, represented changes 
in .speed of action and notches or ser- 
rations in the wave pattern represented 
smaller superimposed changes of 
action. 

The wave forms for each of the 4 
border areas of the heart and great 
vessels under investigation were found 
to be quite characteristic and to re- 
semble closeli' the respectii'e \-ol- 
umetric wave forms that are well 
knouTi to physiologists. In spite of this 
basic resemblance to volumetric curves, 
howeser, certain differences were not- 
ed. It is believed that these differences 
arc caused by factors svhich mav be 
called “positional” in nature. 

During ventricular systole and 
diastole, the heart undergoes a general 
movement because of its structure and 
relationship to the great vessels. Earlv 
in svstole the long axis of the heart 
shortens as the base and ape.x move 
toward one another. At the .same time 
the broad axis widens and the .shape 
of the heart changes from an cl- 
linsoidal to a globular configuration. 
This action frequenM’’ nroduces small 
outward movements of nortions of the 
s enlricular wall in earb' svstole instead 
of the expected inward movement that 
would ordinarilv occur wlmn the vol- 
ume of the heart is deere-tsing. In addi- 
tion to the foregoing. 2 otlwr nositional 
change<: have been described. One is 
crius'^'d b\‘ the pendulum motion which 
occurs when the aorta straightens: the 
*-econd is a rotational motion which is 
catised In- the .spiral arrangement of the 
ventrinilar muscle bundles. During ?rv.s- 
tole. this rot.ation causes cranial dis- 
placement of the anex. while in diastole 
flw motion is reversed. Tliese positional 


changes are of course superimposed on 
the s’olumetric changes and hence cre- 
ate a wave pattern of increased com- 
plexiha Sometimes tlie)' may be op- 
posite in direction to the volumetric 
displacement and tlius tend to counter- 
act it; at other times tliey mas' be in 
phase with it and thereb)’ produce an 
additive effect. It has been observed 
that these positional factors exert tlieir 
influence principally during the early 
stages of systole and diastole. 

The electTok)Tnographic tracing of 
the left ventricular border has 2 major 
components, one descending, the other 
ascending. Each is preceded by a ser- 
ration of variable amplitude and direc- 
tion. The beginning of the serration 
that precedes the descending ejection 
phase of the cardiac cycle marks the 
onset of x’entricular contraction and 
the raising of the intraventricular pres- 
sure to a sufficient level to close the 
mitral I’ahe. As the contraction of the 
ventricular fibers continues the in- 
traventricular pressure rises still fur- 
ther until the aortic valve opens. Tlie 
time interx’al betAveen the closure of 
the mitral valve and the opening of 
the aortic waive is called the isometric 
contraction phase of the heart c)'clc. 
Since there are no significant a'oI- 
umetric changes of the heart during 
this phase, the wave form of the clcc- 
IrokAamographic tracing is entirely the 
re.sult of positional changes of the 
heart. Also since the character of these 
positional changes A'aries ua'dely from 
individual to individual and also from 
one region of the ventricle to another 
ia the same individual, the wa\’e form 
is quite variable. Usually however, the 
cune appears as a minor descending 
limb of gentle slope lasting for ap- 
provimatelv O.Ofi second. 

\Mien the aortic valve opens, blood 
is e’cctcd rapidlv in’o the aorta. Dur- 
ing the earlv period eieefion, positional 
factors of the heart continue to plav 
a prominent role in determining the 
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ventricular wave form of the electro- 
kymographic tracing. Frequently the 
ventricular wall exhibits a brief out- 
ward motion before its major inward 
motion occurs and hence the tracing 
may present a minor ascending limb 
of gentle upward slope before the ma- 
jor descending limb of ventricular ejec- 
tion takes place. Toward the end of 
the ejection phase, the flow of blood 
into the aorta slows because of pres- 
sure equalization and the steep 
descending limb of the electrokymo- 
gram frequently tapers off. 

At the end of ventricular systolic 
ejection, the phase of proto diastole, the 
first stage of diastole, occurs. This 
phase takes place just before the clos- 
ure of the aortic valve and is usually 
marked on the electrokymogram by a 
minor upward serration, approximately 
0.04 second in duration. However, as 
this wave form is principally the re- 
sult of positional changes in the heart, 
it therefore varies from one individual 
to another to a considerable degree. 

When the aortic valve closes, there 
follows a short interval before the 
mitral valve opens, called the isometric 
relaxation phase of the cardiac cycle. 
During this phase the ventricle is a 
closed chamber and therefore under- 
goes no volumetric change. Therefore 
here again, positional changes of the 
heart are the cause of any movement 
of the cardiac border. Usually this 
phase is marked on the tracing by a 
minor downward serration, approxi- 
mately 0.10 second in length. 

When the mitral valve opens there 
is an initial inrush of blood which car- 
ries tlie ventricular wall ouhvard. This 
event is recorded electrok^nnographic- 
ally as a major ascendin!; limb of steen 
slope. Tills portion of the tracing 
marks what has been called the ranid 
diastolic filling phase of the cardiac 
c\'cle. It is followed by a phase in 
which the filling of the ventricle takes 
place at a slower rate and during which 


the electrokymogram continues to as- 
cend but at a somewhat diminished 
slope. This phase, called tire slowed 
diastolic filling phase, leads directly 
into the isometric contraction phase to 
begin again the cardiac cycle. 

It will be evident from the foregoing 
that electrokymograms of the left 
ventricle constitute a powerful method 
for recording the mechanical events 
that take place within the heart. 
Electrokymograms of the pulmonary 
artery and the aorta also reveal with 
striking definition the phenomena as- 
sociated with those structures. The 
electrokymogram of the pulmonary 
artery presents a wave form with a 
sharply rising limb, a rounded crest 
and a slowly descending limb. The 
sharply ascending limb marks the vig- 
orous ejection phase of ventricular 
systole and begins at the opening of 
the pulmonar)^ valve. The first part 
of the descending limb probably oc- 
curs during the late phase of ventric- 
ular systole. Some distance from the 
peak of this limb there is a brief notch 
which is related to the closure of the 
pulmonary valves. 

The electrokymogram of the aorta is 
similar in many respects to that of the 
pulmonary artery. It frequently is 
asynchronous with the tracing of the 
pulmonar)^ artery, however, and there- 
fore may be differentiated from it. Its 
incisural notch also is very much less 
prominent than that of the pulmonar)' 
a^te^)^ 

A truly characteristic electrokymo- 
gram for tire right auricle has been 
extremely difficult to establish. This 
appears to be due to the fact that tihe 
right ventricle nsuallv superimposes its 
motion upon it and thereby creates a 
wave pattern that is difficult to analyse. 
However, it has been found that Avifh 
careful time measurements and cross 
correlations, the time of auricular 
systole can usually be identified. The 
lower the point chosen on the right 
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auricular border, the more prominent 
IS the influence of the right \-ena-icle 
and the greater is the difficult)' in de- 
fining tlie auricular activit)’. Indeed in 
many cases that have been studied, a 
pure ^•entricular wave has been re- 
corded on the heart border in the 
\icinit)' of the cardio-hepatic angle. 
Thus the right ventricle may frequently 
contribute to the right heart border 
in the antero-postcrior silhouette. 

Until now, our discussion has been 
concerned mainly with the application 
of electrokymography to the study of 
normal physiologic phenomena in the 
heart and great \cssels. A re\’iew’ of 
the literature pertaining to its use in 
abnormal physiologic states therefore 
appears to he in order. How'ever, be- 
fore proceeding to this phase of the 
.subject, it is w'orthwhile to direct at- 
tention first to a number of engineer- 
ing problems that have been en- 
countered in clectrokymographic de- 
s’clopment. In general, these problems 
have had a somewhat limiting influ- 
ence on the breadth of application of 
the instrument. 

As we have seen, the wave forms 
presented in electrokvmograms of the 
lieart are quite comple.v. The faithful- 
ness with which the tracings actuallv 
record cardiac mos'cment therefore is 
dependent on tlie frequencs’ response 
of the electrola'mocrrnph. If the in- 
strument is able to record equnllv well 
all of the frequencies cenerated bv the 
cardiac sejrmpnt under investigation, 
then tlie tracing will consfifute a pre- 
cis-' record of cardiac motion. On the 
odur h'uul. if one of the movements 
of the lienrt Generates a wa%e fonn of 
h f us sav 29 cvcles n^r s-^eond and 
th" eleetroksniograrih has a frenuenev 
resnonsc that extends onlv from 0 to 10 
ex’t'Ies p'T second, that narticidar move- 
ment of the heart will go unrecorded: 
hence th" eleetmkvmngram will not 
/-•tansfitute a faithful record of the 
c.\rdiac phenomena. 


Now’ electrokymograplis using mul- 
tiplier phototubes and calcium tung- 
siate lluorescent screens as tlieir 
radiation detectors inherently are lim- 
ited in their frequenc)' response onl)’ 
b)' tlje design of tlieir amplifier and 
oscillographic equipment. Indeed, if 
necessar)', these components can easily 
be designed to provide a frequency 
response from 0 to sex’eral kilocycles. 
However, the characteristic of present- 
day roentgenoscopes make the use of 
such equipment quite impossible. Con- 
ventional roentgenoscopes are operat- 
ed w'ith raw' AC or unfiltered rectified 
AC potentials and hence the intensity 
of the Roentgen rays generated by them 
rises and falls periodically at a fre- 
quency of 60 or 120 cycles per second. 
If means are not provided in the elec- 
trok)’mograph to attenuate sharply 
these frequencies, the tracings that re- 
sult are essentially unreadable. Now', it 
is not possible to attenuate a particular 
frequency w'ithout causing some at- 
tenuation of frequencies in the nearbx’ 
ranges. In fact, unle-ss considerable 
care is taken, the frequency response 
of an electrokymograph w'hich contains 
provision for filtering out the 60 or 120 
cycle signal arising in the roentgeno- 
scopc, may also discriminate severely 
against frequencies as low' as 2 or 3 
cxcles. Kay. M^ood, Zin.sser and Ben- 
jamin-- measured the frequency re- 
sponse of one electrokymograph and 
found the response at .5 eyclcs per 
second 3S7 low'cr than at 1 cycle per 
second; at 20 cvcles the rc.sponse was 
dowm ST'T. It is quite obx’ious that such 
an clectrokymogranh will be unable to 
record much of the finer detail that 
inav exist in a cardiac actixity. 

.Mthough the first electrokymograplis 
exhiijited poor frequency responses, it 
is forlunatelv possible to design instni- 
inenls fliat have a flat re.snonse from 
7 ero to about 30 cvcles and still effec- 
tixelv filter nut the 60 nr 120 cycle 
sign.al from the roenfgenoscopc. Hence- 
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iorili, eiectrokymographs having such 
characteristics should be easily attain- 
able and it will be interesting to fol- 
low the additional information tliat 
these instruments will provide. It may 
be worthwhile to explore the possibili- 
ties of an electrokymograph operated 
from a constant potential roentgeno- 
scope. If the instrument is able to re- 
cord over a truly wide frequency 
range, the resulting high resolution of 
the device may provide information 
far beyond our present limits. 

Anotlrer engineering problem that 
has been encountered in electrokymo- 
graphy is the difficulty witlr which the 
amplitude of the recorded tracing can 
be correlated witli the amplitude of 
the actual motion under investigation. 
When a thin patient is examined, the 
intensity of the roentgen radiation 
reaching the electrokymograph is high 
and hence a normal cardiac excursion 
will produce an abnormally large 
amplitude in the electrokymogram. 
Conversely when the patient is over- 
weight the intensity of the roentgen 
radiation incident upon the electro- 
kymograph will be low; under these 
conditions the same amount of cardiac 
motion will produce a tracing of low 
amplitude. This difficulty may be over- 
come to some extent by an adjustment 
of tlie sensitivity of the electrokymo- 
graph to meet the changing intensity 
of the radiation that exists from one 
patient to another. Unfortunately, how- 
ever, it is extremely difficult to cali- 
brate such a sensitivity control in a 
manner that will insure a quantitative 
relationship between the amplitude of 
the electrokymogram and the ampli- 
tude of the motion that produced it. 
On the surface tire underlying causes 
of this difficulty may not be readily 
apparent. However, it must be remem- 
bered that the electrokymograph is an 
instrument that records changes in light 
intensit}’- received from a Roentgen- 
ray fluorescent screen. A moving struc- 


ture, such as tire heart or one of tire 
great vessels, tlrerefore will generate 
a wave pattern on the instrument s 
oscillograph. 

Now tire heart and great vessels dif- 
fer widely in their ability to absorb 
roentgen radiation. The heart, being a 
large structure, absorbs a large per- 
centage of the radiation projected 
tlrrough it while the pulmonary artery, 
being of much smaller caliber, absorbs 
only a small percentage of the radiation 
incident upon it. Accordingly, a given 
movement of tire heart will produce 
tracings of much greater amplitude 
than the same amount of motion in 
the pulmonary artery. This same 
phenomenon will also cause the pro- 
duction of electrokymograms of dffier- 
ent amplitude in 2 patients ■with equal 
average Roentgen-ray transmission and 
equal cardiac motion, if in 1 patient, 
the heart is larger than in the other. 

From the foregoing it appears that 
the solution to the problem of cor- 
relating movement amplitude with 
tracing amplitude is well night insur- 
mountable, With this drought in mind, 
a number of workers have expressed 
the opinion that this problem in reality 
is of no great importance under most 
circumstances. They point out that the 
great amount of information provided 
by the high resolution of electrokymo- 
graphic tracings permits one to resolve 
most problems to which the instrument 
is applied. They further state that if 
quantitative information on the ampli- 
tude of a given motion is desired, it 
may be easily obtained from a 
roentgen kymographic film. Although 
this reasoning is doubtless sound, it is 
hoped that efforts will be continued 
to find ways and means of solving the 
problem. 

During the past few years, elec- 
trokymography has been used bv an 
increasing number of workers in the 
study of normal and abnormal cardiac 
physiology. Characteristic Patterns 
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have been established for myocardial 
infarction and aneurysm, constrictive 
pericarditis, tricuspid and mitral heart 
disease and a number of congenital 
anomalies. Chamberlain'’ first demon- 
strated tlie spectacular changes that 
occur in the ventricular elcctrokymo- 
gram taken in the region of a myo- 
cardial infarct. In this situation the 
major descending and ascending limbs 
of die tracing that normally occur dur- 
ing the ejection and diastolic filling 
phases are rei'ersed; Uiat is, in myo- 
cardial infarction, the descending and 
ascending limbs occur during the 
diastolic filling and ejection phases and 
hence present a paradoxical sequence. 
Tliis finding has also been obsen'ed 
by Luisada and Fleischner-'. Stauffer 
and Jorgens^" also found a similar ab- 
normalit)' in 2 histories of ventricular 
aneur)'sm. Tliese workers found diat 
the most rapid outivard movement of 
the aneurysmal wall occurred during 
the isometric contraction and early 
systolic ejection phases of the cardiac 
cycle. During die latter part of systole 
the wall remained relatii'ely stationary, 
only to move sharply inward shortiy 
after the closure of die aortic valve. 
They also interestingly observed diat 
roentgen kymograms of these patients 
demonstrated the changes found in die 
electrokymograms only with the great- 
est difficulty. 

Although parado.xical movement of 
the ventricular border in the great 
majority of instances probably indi- 
cates die presence of a myocardial 
infarct, Gillick^^ has obsen’ed a few 
instances of the phenomenon in 
normal healthv young adults. Gillick 
has e-xplained the obsen’ation by postu- 
lating that the shortening of the inter- 
ventricular septum during systole is 
greater than usual and that almost 
the entire decrease in die volume of 
the ventricular chambers is due to this 
septal h^meractivity. As a result the 
ventricular wall actually is displaced 


outward during .systole. Whether or 
not this e.vplanation is sound must 
await further observation. 

Another instance where electro- 
kymography appears to yield valuable 
information concerning the status of 
the myocardial muscle is in die rela- 
tively great precision with which it 
permits the measurement of the 
isometric rela.vation phase of the 
cardiac cycle. Physiologists, including 
Wiggers'"’ and Burstein’^, have believed 
for some time diat diis phase provides 
an e.vcellent inde.x of the relaxation 
process and of the functional condition 
of the myocardium. Unfortunately, 
clinical methods to measure the dura- 
tion of this phase have not heretofore 
been available. Luisada, Romano and 
Torre-® working with normal subjects 
and with patients with mitral stenosis, 
and Boone, Randak, Ellinger and Op- 
penlieimer^ working xn'di normal and 
li)’pertensive individuals and wth pa- 
tients haWng mvocardial infarction and 
bundle-branch block, appear not only 
to have strikingly confirmed the con- 
cepts of Wiggers and Burstein but also 
to have demonstrated that electro- 
kymography is a simple and reliable 
mediod for measuring the duration of 
the phase. The obsen’arions of Boone 
and his group indicate that the dura- 
tion of the isometric relaxation phase 
in the normal healthy adult ranges 
from 0.06 to 0.16 second xiitli 71? of 
the obsen’ed cases falling between O.lO 
to 0.13 second. The pathological grouo 
on the other hand e.xhibited isometric 
relaxation times ranging from 0.10 to 
0.22 second, with 71? falling beriveen 
0.15 to 0.18 second. 

The causes of increased duration 
of isometric relaxation have been the 
subject of considerable coniecture bv 
physiologists. Three factors have been 
suggested to account for the phenom- 
enon. These include; a, the inherent 
rate of muscular relaxation, h, tlie 
intraventricular pressure at the onset 
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of isoinetiic relaxation, and c, the intra- 
atrial pressure at the end of isometric 
relaxation. 

• In hypertension Boone and his co- 
workers believe that the increased 
intraventricular pressure at the end of 
systole results in a greater pressure 
difierential between the ventricle and 
auricle and hence a prolongation of 
the isometric relaxation phase. Later 
as the hypertrophy of the musculature 
progresses and its nutrition becomes 
impaired, the inherent rate of relax- 
ation becomes slower. It was also 
found in 2 cases with congestive failure 
that the duration of the isometric relax- 
ation phase returned to normal levels. 
It is believed that this reversion is 
caused by a decrease in the intra- 
ventricular pressure at the end of 
systole as compared to the compen- 
sated hypertensive state. Also the 
elevated intra-atrial pressure in the de- 
compensated state probably terminates 
the phase prematurely by reducing the 
differential pressure between ventricle 
and auricle still further. 

In cases of bundle-branch block and 
myocardial infarction it appears that 
the principal factor responsible for the 
prolongation of the isometric relaxa- 
tion phase is an increase in the in- 
herent rate of muscular relaxation 
following metabolic and structural 
changes in the ventricular muscle. 
Boone and his co-workers also specu- 
lated that the prolonged relaxation 
phase might be a compensatory meas- 
ure to maintain adequate coronary 
blood flow since Gregg and Green^® 
have demonstrated a large coronary 
blood volume flow during this phase 
of the cardiac cycle. 

Some rather striking changes of the 
ventricular electrok^rmogram have been 
observed by Gillick and Reynolds^^ in 
cases of constrictive pericarditis. The 
ascendinc limb of the rapid diastolic 
filling phase commences in its normal 
fashion but, after completing a portion 


of its excursion, it ends abruptly in a 
sustained plateau which persists until 
the ejection phase of systole begins. 
Apparently the pericardium sharply re- 
stricts the outward motion of the ven- 
tricular wall soon after the ventricle 
has begun to fill. In a review of the 
electrokymograms presented by Stauf- 
fer and Jorgens®’' it is interesting to 
observe that their Case VI presents 
such a pattern at the left lower ven- 
tricular border and it therefore may 
be presumed that the primary diagnosis 
was a constrictive pericarditis rather 
than the tricuspid regurgitation tliat 
was reported. The other clinical find- 
ings in this case are also quite consist- 
ent with this disease. 

Stauffer and Jorgens®’^ also noted ab- 
normalities of the aortic electrokymo- 
gram in patients with interatrial septal 
defects. A rather broad plateau at the 
height of the curve plus an unusually 
deep incisura were observed. Unfor- 
tunately these tracings were not pub- 
lished in their communication and it is 
therefore difiBcult to judge how strik- 
ing the changes were. Stauffer and 
Jorgens explained their finding on the 
changed hemodynamics associated 
with the intracardiac shunt and trans- 
mitted motion from the adjacent en- 
larged pulmonary artery. 

Luisada and Fleischner®’^ have re- 
cently reported characteristic changes 
of the left auricular electrokymogram 
in 23 patients 'with lesions of the mitral 
valve. The normal electrokymogram of 
the left auricle as found by these work- 
ers consists of: 1, a sharp presystolic 
dovmward limb whose trough coin- 
cides -with the closure of the mitral 
valve, 2, a serration of inconstant 
amplitude during systole, and 3, an 
ascending limb of variable slope during 
earl '7 diastolic collapse. In the cases 
unth mitral regurgitation, this normal 
pattern was interrupted b-y^ a steep 
ex-pansile wave at the beginning of 
ventricular systole which ended in a 
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broad plateau wliich persisted until 
the opening of tlie mitral valve, the 
wave then descended sharply at the 
beginning oi ventricular diastole. Ihe 
changes are the result of mitral 
regurgitation. 

Interesting use of electrok)'mography 
in tlie study of asynchronism of the 
right and left ventricles has recently 
been reported b)' se\'eral workers’-**--^. 
Chamberlain and liis co-workers made 
consecutive electrokymograms of the 
pulmonary arteiy' and of the aortic arcli 
witli the carotid sphj'gmogram. The 
time interval between the onset of 
pulmonaiy' ejection and the onset of 
aortic ejection was determined by using 
the carotid spliygmogram as a standard 
of reference. In normal subjects 
asynchronism of ejection occurred in 
51 of 68 subjects. Left ventricular 
ejection led by 0.01 to 0.03 sec. in 32 
cases; right ventricular ejection led by 
0.01 to 0.03 sec. in 19 cases. 

In patients with intraventricular 
block, the asynchronism was strikingly 
accentuated. In 6 patients with right 
bundle-branch block the onset of the 
ejection phase of the right A'entricle 
lagged behind tlie left ventricle from 
0.04 to 0.05 second. In 9 patients witli 
left bundle-bunch block tlie left I'en- 
tricular ejection lagged behind die 
ejection phase of the right ventricle 
from 0.04 to 0.07 second. In a tendi 
patient die difference was 0.03 second 
(the upper limit of normal). 

The as}Tichronism which normally 
occurs between the right and left ven- 
tricles has been used by Gillick^* to 
determine die source of the pulmonary 
blood supply in a case of unilateral 
pulmonic stenosis. He was able to dem- 
onstrate beautifully that on die normal 
side of the chest the pulmonaiy' pulse 
waves were synchronous widi those 
of the right ventricle, whereas on the 
stenotic side die pulsations were 
simchronous with those of the aorta. 
The blood supply to the lung on the 
stenotic side was therefore tiirough 


bronchial collateral arteries. This case 
seems to indicate that cleclroky'mo- 
graphy may' be able to solve die diffi- 
cult problem of ascertaining before 
surgery the pulmonary' blood supply 
in patients with vary'ing grades of 
pulmonic stenosis (i.e., patients with 
such congenital anomalies as die 
tetralogy of Fallot). 

Another physiologic investigation 
using electrokymography has recently 
been published by Kay, Wood, Zins- 
ser and Benjamin--. These authors 
studied the validity' of electrokymo- 
grams for measuring the diametric 
change of the aorta and pulmonary' 
artery' during circulatory disturbance. 
In their investigation, voluntary’ strain- 
ing was employ’ed as a test circulatory' 
disturbance. It was found diat qual- 
itatively' die changes in the amplitudes 
of die electroky'mograpluc tracings par- 
alleled coincident changes in pulse 
pressure in the brachial artery' and 
tliat the amplitude of aortic pulsations, 
after correction for pulse rate, have a 
quantitative relationsliip to pulse pres- 
sure appro.vimating diat which would 
be e.xpected between aortic diameter 
cliange and pulse pressure. More tiian 
a good ayipro.ximation cannot be e.x- 
pected hou'ever since differences in 
the diameter of the aorta during and 
after straining cause die aorta to ha\’e 
different Roentgen-ray' transmissions. 
Therefore, a given border movement 
of die aorta under die 2 conditions 
will produce electroky'mograms of dif- 
ferent amplitude. 

Finally, what probably' toII pro\'e 
one of the most important applications 
of electroky'mography' has just been 
proposed by' Ring, Balaban and Op- 
penheimer®®. These workers have con- 
ducted a study in which die amplitudes 
of die electroky'mograms taken over die 
body' of die left ventricle were cor- 
related v'idi die cardiac output, as 
determined by the ballistrocardio- 
graphic mediod of Starr^® in 28 pa- 
tients. A surprisingly' good correlation 
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was found. It is rather unfortunate, 
however, that the ballistocardiographic 
method was employed as a standard 
of reference in Ais investigation as it 
is tliought by many to be less reliable 
than the meAods of Ficlc and Stewart. 
If further studies, using these latter 
methods of reference, demonstrate an 
equal or better correlation between 
cardiac output and the electrokyrho- 
gram, a simple clinical procedure for 
determining this parameter will at last 
be at hand. Since ventricular electro- 
kjmiograms resemble very closely the 
volumetric changes that occur in the 
heart, there is good reason to expect 


that an excellent correlation vidll be 
obtained. 

From the material that has been re- 
viewed in the foregoing paragraphs, it 
is evident that the electrokymograph 
is a radiologic tool of rapidly develop- 
ing significance. With several other 
recent developments it is rjaising the 
curtain on a new era of roentgen inves- 
tigation, an era of physiologic rather 
than anatomic study. It wll be interest- 
ing to pursue the many new applica- 
tions of electrolc)nmography that doubt- 
less will occur in the years to come. 
The method has certainly shown re- 
markable potentialities in the few years 
since its inception. 
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The Fundamentals of Pulmonahv Tunnn- 
cuLosis and its Complications. Edited by 
Edwaud W. Hayes, M.D., ct ah, American 
College of Chest Physicians. Pp. 480; 74 
ills. Springfield, 111.: Charles C Thomas, 
1949. Price, $9.50. 

This book has been prepared b)’ an edi- 
torial committee of tlie American College of 
Chest Physicians. Its purpose is to present in 
a concise manner fundamental information on 
the cause, prevention, diagnosis, treatment 
and control of tuberculosis. The committee 
calls attention to the diversitj’ of material 
and sources wth which medical students, 
practicing physicians and teachers should be 
familiar in order to obtain a worknng knowl- 
edge of tuberculosis, and has attempted to 
save them the effort of extensive search 
through the literature by bringing together in 
a single volume principal facts in the uadc 
range of subject material covered. The result 
has been a successful presentation of the 
chief aspects of tuberculosis treatment and 
control, with emphasis on modern develop- 
ments. The 26 chapters cover in commenda- 
ble fashion basic knowledge in the fields of 
anatomy, bacteriology, immunology and 
pathology, physical, laboratoiy' and Roentgen- 
ray diagnosis, treatment by sanatorium meth- 
ods, psychosomatic aspects of the disease, 
bronchial tuberculosis, minor and major sur- 
gical procedures in the treatment of tubercu- 
losis, public health aspects of its control, tuber- 
culosis of special systems and various com- 
pfications. A useful bibliography is appended. 
The book can be highly recommended as a 
ready reference for information in the various 
fields of tuberculosis. E. L. 


A TE.vrBooK OF Histology. By Ai.exandeb 
A. Maximow, Late Prof, of Anatomy, and 
William Bloom, Prof, of Anatomy, Univ. 
of Chicago. 5th ed. Pp. 700; 562 ills., 32 
in color. Phila.: W. B. Saunders, 1948. 
Price, $8.50. 

This 5th edition follows in its main outlines 
the plan of earlier editions. Recent advances 
have been incorporated without increasing 
the size of the book, and examples of the 
newer histochemical techniques have been 
judiciously chosen. Both features are in keep- 
ing with the general nature of the subject, 
allowing presentation of the more funda- 
mental aspects of histology in a comprehen- 
(598) 


sivc and readable manner. The paper, type 
•and illustrations arc of unusual c.xcellence. 

C. B. 


Hindu Medicine. By IlENnv R. Zlm.meh. 
Ph.D., Formerly Prof, of Sanskrit, Univ. of 
Heidelberg. Edited by Ludwig Edelstein. 
Ph.D. Pp. 201. Balt.: Johns Hopkins Press, 
1948. Price, $4.00. 

This is in no sense an account of Hindu 
medicine through the ages, or even tlirough 
ancient times, nor is it intended to be one. 
It is, however, an interesting view of the 
high points of pre-Aryan, Vedic, Buddhistic, 
Tantric and Ayun’cdic philosophy in relation 
to medic.al theories and practices closely cor- 
related with the pervading myths and phi- 
losophy of Hinduism. 

The 7tli scries of the Noguchi Lectureship 
on tlie History' of Medicine was given by 
Professor Zimmer in 1940. Three years later 
he died before his Tension of the material 
for publication had been completed. The 
first 2 of die 3 lectures are published sub- 
stantially' as they' were found in his papers, 
even though fragmentary'. To augment die 
analysis of Hindu medicine die editor has 
contributed a lengthy' Preface outlining Zim- 
mers concept of Hindu culture, and has 
included, as an act of piety', as many as 
possible of die scattered notes and outlines 
for the missing chapters. A stimulating and 
valuable combination of Hindu medical lore, 
my'sticism and pliilosopliy' emerges. E. K. 


Skin Diseases in General Practice. By F. 
Ray- Bettley, M.D., Middlesex Hospital, 
London. Pp. 260; 96 ills. London: EyTe & 
Spottiswoode, 1949. Price, 21 s. 

Here Bettley' has undertaken to do what 
many dermatologists have wanted to do: 
write a book for the general practitioner 
covering only those diseases which are com- 
mon and discussing them adequately enough 
to be practical. Although the author has 
done a yeoman’s job, the selection of topics 
to be discussed u'ill not meet the approval 
of all authorities, since determination of what 
is common will vary with the indix'idual 
specialist as well as xvith the general practi- 
tioner because of differences in the composi- 
tion of their practice. On die whole, however, 
in spite of the omission of some diseases. 
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others not uncommon but which pose dif- 
ficult situations to tlie practitioner (e.g., 
urticaria, erythema multiforme) are hardly 
mentioned. On the other hand, it might be 
desirable to omit detail on certain drerapeutic 
procedures requiring special skill and training 
(e.g., tliorium-X). 

This is one of tire better handbooks re- 
cently published, and it merits wide con- 
sideration. H. B. 


Hutchisons Food and the Principles of 
Dietetics. Revised by V. H. Mottram, 
M.A. (Cant.), and George Graham, M.D. 
(Cant), F.R.C.P. (Lond.). 10th ed. Pp. 
727. Balt.; Williams & Willdns, 1948. Price, 
$6.75. 

Dietetics and nutrition are reverse sides 
of the same coin. This is a detailed survey 
of human foods and their composition winch 
correlates this information with the current 
understanding of what happens to the sepa- 
rate components of food during digestion 
and endogenous metabolism. Emphasis is 
given to botli psychologic influences and 
individual variation factors which most Amer- 
ican textbooks tend to underestimate. This 
new tenth edition discusses much of die new 
data which has accumulated during— and 
largely because of— the war years. Like many 
English texts it is eminently readable. 

r. W. 


Syphilis: Its Course and Management. By 
Evan W. Thomas, M.D., Prof, of Clinical 
Medicine, New York Univ. College of Medi- 
cine. Pp, 317; 59 ills. New York: Macmillan, 
1949. Price, $5.50. 

Any present-day exposition on the course 
and management of syphilis must be tenta- 
tive and the author a person of great courage 
to be willing, as Dr. Malioney hopes in die 
introduction to tliis volume, to "build a series 
of revisions which will carry the disease 
through the period of change and which will 
attempt a final evaluation of the events now 
taking place.” As a seconder to this hope, 
the Reviewer believes Dr. Thomas has pro- 
duced a concise reriew of the status of 
svpliilis today and while he does not accept 
all the conclusions reached, he feels that 
this volume will at least fulfill the purpose 
of stimulating diought and furdier investi- 
gation, but because of die complicated mode 
of presentation, it is far from die mark of 
giiing "busy individuals a practical under- 
standing of the principles underljing the 
modem diagnosis and treatment of sypliilis.” 
For die Specialist, however, there is much to 
commend this book. While most of the datr. 


presented are interpreted personally by Dr. 
Thomas, he has sought assistance of many 
able audiorities including Dr. Theodore 
Bauer, Dr. Charles R. Rein, Dr. Bernhard 
Dattner and Dr. Joseph Earle Moore. 

The section on Interpretation, of Quanti- 
tative Serologic Tests for Syphilis is probably 
the most detailed compilation the Reviewer 
is aware of. To counterbalance diis worthy 
sendee there are many ^dews which may be 
misleading to the less critical practitioner. 
For e.xample: die experience of the Author 
regarding the location of mouth spirochetes 
only at die margin of the gums, thus discred- 
iting the validity of darkfield results from 
specimens removed from odier oral sites; his 
views on reinfection tend a litde on die side 
of uncritical definition since his only abso- 
lute criterion of reinfection is the develop- 
ment of a new chancre at a different site 
from the original one (p. 39). 

The Re\dewer feels that some e.\pansion of 
the text and attention to the loose ends pro- 
duced by die present “shakedown cruise” 
will lead eventually to the production of one 
of the outstanding volumes on sj'philis. 

H. B. 


Cardiology. By William Evans, M.D,, 
Physician to the London Hospital. Pp. 310; 
209 figs. New York; Paul B. Hoeber, 1948. 
Price, $7.50. 

In the preface Dr. Evans states diat this 
book was mitten for medical students in 
preparation for higher examination and for 
busy practitioners. It was not intended to 
compete with standard text-books. The sub- 
ject matter is large and the discussion is 
short. Physiological and pathological aspects 
of heart disease are considered briefly and 
many American electrocardiographic aspects 
of myocardial infarction are lacking. The 
roentgenograpliic coverage is excellent. I do 
not believe that this work is sufficiently 
detailed. The book is clearly written, is well 
printed and is excellently bound. H. F. 


Diseases of the Lh^er, Gallbladder and 
Bile Ducts. By S. S. Lichtman, M.D., 
Ass’t. Prof, of Clinical Medicine, Cornell 
Univ. Medical College. 2d ed, Pp. 1135; 147 
ilb., 4 in color. Pliila.; Lea & Febiger, 1949. 
Price, $18.00. 

This textbook is a comprehensive work 
dealing not only mth tlie diseases, as its 
title suggests, but also %vith die anatomy and 
physiolo^ of the liver and biliary structures. 
In addition it covers the modem techniques 
for die study of hepatic and biliary diseases. 
It has been effectively revised and ''the ma- 
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terial is presented in better order tlian in 
tlic original edition. An exhaustive number of 
referenees is available at the conclusion of 
each chapter. 

The great amount of knowledge that has 
been accumulated during the past decade 
concerning hepatitis is strikingly demon- 
strated by comparing the brief discu.ssion 
of the possible etiologies of catarrhal jaundice 
in the 1st edition with the 104 page chapter 
on vir.al hepatitis in this one. Liver function 
tests are covered in 2 ways: first, in a sep- 
arate chapter concerned with their technical 
and physiological aspects; second, with their 
application to specific diseases. 

The book will be of great value to anj'one 
interested in liver disease from cither the 
clinical or the investigative point of view. 

W. S. 


Medical Ety-mology. By O. M. Pniinv 
Pepper, M.D., Prof, of Kfedicinc, Univ. of 
Pennsylvania. Pp. 263. Phila.: W. D. Saun- 
ders, 1949. Price, $5.50. 

Every medico— student or M.D.— should be 
e.xposed to this no\’cl work. Once past a 
necessarily repelling title, many more than 
the followers of semantics xvill soon find 
enough of interest or value to lead them to 
proceed further. The author’s well-known 
combination of an e.xcellent sense of propor- 
tion and practicality with a de.xterit)' of pres- 
entation and lightness of touch is in welcome 
contrast to tlie usual medical te.xt. Humor 
happily keeps breaking through ( cp. the 
remarks on rigor, phrenic, prognosis, xero- 
stomia, morgue, to mention but a few). One 
thinks, too, of his address at tlie dinner of 
the Association of American Physicians in 
1948. 

The "Verb, sap.” of the book’s motto is 
more apt to be sufficient after a de\4ou-sly 
derived meaning has been explained in this 
book than it is to the linguist who has a cor- 
rect translation of its components but 
a totally incorrect definition (Cp. epithelium). 
Nevertheless, the etymology of a scientific 
word usually gives a correct idea of its mean- 
ing and in any case affords a convenient peg 
of association to aid the memory burdened 
by a flood of new and forbidding terms. To 
digress a little further, the layman is wrong, 
though perhaps excusably so, when he 
accuses the doctor of professional pomposity 
when he resorts to polysyllables to express his 
meaning. Who would deny that it is easier 
for the physician to speak of, let us say, 
“choledoehojejunostomy” instead of “tlie 
operation or making an opening between the 
bile duet 'and the empty part of the bowel?” 


Dr. Pepper is over-modest in disclaiming 
originality and completeness of material. Ilis 
approach is original and such a work could 
never be complete. 

The less than 4000 terms arc presented in 
.some 1.5 and 20 categories, such as Anatomy, 
P.sychiatr)', Radiology, but all can be readil)' 
found with the help of the good index. One 
inevitably misses some words which could 
profitably have replaced others that have 
obvious meanings or derivations or are exces- 
sively rare or var)’ but little from words that 
have been included. Inevitably, also, one 
disagrees with some derivations or points of 
view, such as that on the use of eponjms; but 
at the same time one is impressed with the 
author’s knowledge of words and their his- 
tory, or, what amounts to the same thing, 
his abilitv to uncover and utilize such knowl- 
edge. We can hope that his continued interest 
will lead before long to another bigger and 
even better edition. E. K. 


riiPPOKRATES-FinEL. Von Dr. mcd. Richard 
Kapferer, Miinchen und Bad Wori.shofen. 
Pp. 355. Stuttgart: Hippokrafcs-Vcrlag, 
Marqu.ardt & Cie., 1949. Price, D.M. 16.50. 

Fnoxf his lengthv translation of the com- 
plete works of Hippocrates into modem Ger- 
man (1934-1940), Dr. Kapferer has selected 
for tin’s Fibel, or Primer, sc\’eral hundred 
passages that arc calculated to throw light on 
tlic ways of thinking and the actual medical 
knowledge of the Hippocratic School. The 
c.xtracts varx’ in length from a single line to 
a page or more, and arc grouped under 69 
headings such as the Oath; the Aphorisms; 
Diet; Airs, M^aters, Places; Hemorrhoids. 

For the not inconsiderable number who 
would like to know more about details of 
Hippocratic medicine but are unable, or think 
they are unable, to find the necessarj’ time to 
search through the Hippocratic Corpus, such 
a book as this is better able than its parent 
to provide tlie half loaf that is proverbially 
better than none. 

The volume has an interesting provenance. 
Published and copjTighted by Marquardt & 
Co., of Stuttgart in 1943, it was printed at 
Breda in Holland on war-paper ( date not 
given), and reaches us for review in 1949. 

E. K. 


Studies on Hookm'ORM Disease in Szech- 
wan Province, West China. By K. Chang 
and Co-workers. The American Journal of 
Hygiene Monographic Series, No. 19, May, 
1949. Pp. 152; 34 figs. Balt.: Johns Hopkins 
Press, 1949. Price, $3.00. 
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The occurrence of bookwork disease in any 
population depends upon: 1, human infection; 
2. soil pollution; 3, an environment favorable 
to tlie development of infective bookworm 
larvae in the soil, and 4, human contact with 
the infected soil adequate to continue the 
parasite in its host. In many parts of the 
world hookworm disease results from promis- 
cuous defecation by people near tlieir houses 
•or in otlier often nrequented sites. In China, 
however, hookworm infection is more of an 
occupational disease of the farming popula- 
tion. For in China human e.vcrement is care- 
fully conserved and used as fertilizer. It is 
not so much the use of human feces to fer- 
tilize crops that maintains tlie infection but 
the particular metlrods employed in planting, 
cultivation or harvesting. These methods may 
vary with the locality. Thus an understanding 
of the epidemiology and control of tlie para- 
site must come from a complete study of 
agricultural practices. In this monograph Dr. 
Chang and his associates have presented their 
studies of hookivorm disease and its control in 
a large and important province of China. The 
book is well written, adequately illustrated 
and an interesting account of their work. 

H. R. 


Authritis and Allied Conditions. By tlie 
Late Bernard I. Comroe, M.D. Edited by 
Joseph L. Hollander, M.D., Univ. of 
Pennsylvania. 4th ed. Pp. 1108; 370 ills. 
Phila.: Lea & Febiger, 1949. Price, $16.00. 

This edition of Comroe’s book on arthritis 
has been completely revised and brought up 
to date by Dr. Hollander of the University 
of Pennsylvania Hospital. There are 17 con- 
tributors to tliis excellent book of over 1100 
pages in which the illustrations and bibli- 
ography are well chosen and carefully 
screened. 

There might be some criticism of Part X, 
for here die book departs from its chosen 
role as a treab'se on artliritis and considers 
in detail such subjects as internal derange- 
ment of tlie knee joint, cenical rib, Dupuy- 
tren’s conb-actiue, and others. Wliile one mav 
•si'inpathize with tlie Authors’ dilemma in 
delineating tlie scope of this book, one would 
feel that this chapter is ahnost wholly a dis- 
cussion of orthopedic conditions, not directly 
related to arthritis, or at least no more so 
than scores of other affections of ortliopedic 
interest. 

The book, however, represents a valuable 
contribution, and the editor and his associates 
desen-e high praise. P. C. 


Nutrition and Diet in Health and 
Disease. By James S. McLester, M.D., 
Prof, of Medicine, Univ. of Alabama. 5th 
ed. Pp. 800. Phila.; W. B. Saunders, 1949. 
Price, $9.00. 

The late world conflict and its associated 
dislocation stimulated a considerable volume 
of research in human nutrition. The results 
of much of this work have been published 
since the last edition of tliis book appeared 
6 years ago. During tlie same period there 
have been significant studies of dietary fac- 
tors in the macrocytic anemias, in cirrhosis 
and other diseases of the hver, in antibody 
formation, and in surgery and wound healing. 
Professor McLester has rewritten much of 
the book to bring it into line with the newer 
points of view or has incorporated new 
material in appropriate parts of the te,xt. The 
chapters. Feeding of Infants by Professor 
Philip Jeans, and Nutrition in Industry by Dr. 
Robert S. Goodheart also have been rewritten. 
A new chapter. Feeding of Surgical Patients 
by Dr. Charles C. Lund, has been added. 
This edition compares well with earlier ones. 

H. R. 

NEW BOOKS 

Help Yourself to Better Sight. By Margaret 
Dabst Corbett. Pp. 218. New York: 
Prentice-Hall, 1949. Price, $2.50. 

Written in support of tlie Bates system of 
improving vision by relaxing. 

Headaches. By Noah D. Fabricant, M.D. 
Pp. 149. New York: Farrar, Straus, 1949. 
Price, $2.50. 

This is as useful as such books for tlie layman 
can be in answering baJfling questions where a 
visit to the physician is not needed, and in steer- 
ing the patient to him when it is. 

Fundamental Considerations in Anesthesia. By 
Charles L. Buhstein, M.D., Instructor in 
Anesthesia, New York Univ. College of 
Medicine, Pp. 153. New York: Macmillan, 
1949. Price, $4.00. 

In this small book, the author has attempted 
to discuss many of the main problems that beset 
the anesthesiologist such as abnormalities of respi- 
piration; larimgeal spasm; physiological and 
pharmacological considerations of the patient in 
shock; celias plexus refle.x; cardiac arrhythmia and 
gastro-intestinal autonomic reactions. Unfor- 
tunately, many of the statements that are made 
are undocumented and tlie discussions are too 
brief to be of real benefit. However, the subject 
matter should be thought provoking to the student 
of anesthesiology. j_ g 

George R. Minot Syrnposhim on Hematology. 
Edited by William Dameshek, M.D,, and 
F. H. L. Taylor, Ph.D. Pp. 984. Illus- 
trated. New York: Grune & Stratton, 1949. 
Price, $12,00. 
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Medical Climes of North America New York 
number, May, 1949. Symposium on Cardio- 
vascular Diseases, especially Hypertension 
Pp. 607-922 Phila.: W. B. Saunders, 1949 
Price, $15.00 a year. 

Iv this rcvicu the coverage of the practical 
aspects of h>’pcrtcnsnc disease is at times mcom* 
plcte m that some of the newer dni^js hn\c been 
omitted from Uic discussion on treatment. How- 
c\er, it is the Reviewer’s opinion that the s>tu- 
posium is to he favornlil)* recommended It is 
useful in concisely presentme a discussion of the 
sanable clinical course of h>perltnsi\e disease* 
This includes ps>chosomatJc factors, role of the 
carotid sinus, orpanic ^ oscular disease, manage- 
ment of the h>Tpertcnsi\e disease of pregnanes, 
and the controscrsial subjects of capillars fragibts 
and low sodium diet in clinical h\i>ertcnsion Tin 
merits of various t>'pes of sjanpathcclomies an* 
discussed. C. C. 

The Yearbook of Psychoanalysis Edited by 
Santjoh Lorand, M.D. Vol. 1\'. Pp. 356 
New York: International Uni\'crsities Press, 
1949. Priee, $7.50. 

TwEN~r\-n\o unrelated articles b> as man) 
authors, together with 2 pages of selected reading 

Psijchoscxual Development in Health and 
Disease. Edited by Paul H. Hoch, M.D , 
and Joseph Zubin, Ph D., Columbia Unn 
Pp. 283. New York: Gntne & Stratton, 
1949. Priee, $4.50. 

Your Child Makes Sense. By Edith Buxdaum, 
Ph.D. Foreword by Anna Freud. Pp. 204 
New York: Intemat’l Univ. Press, 1949 
Price, $3.25. 

Psychodiagnosis. By Saul Rosenzweig, 
Ph.D., Assoc. Prof., Psychology and Neuro- 
psychiatry, Washington Univ., St. Louis, 
Mo., and Kate Le)^^: Kogan, Ph.D. Pp. 
380. New York: Grune & Stratton, 1949. 
Price, $5.00. 

The ps>chodiagnostician rebes in his work on 
tests which have been standardized. This book 
emphasizes the concrete materials and operations 


of the clinical i)-*)cholo 4 ttl rather linn abstract 
principles of ps>cholog>. Illustrative case-hisloncs 
arc included. The hook will he found to be both 
informntnc and useful 

W. P. 


NEW EDITIONS 

Papers on Psychoanalysis. By Ernest Jones, 
M.D. 5th ed. Pp. 501. Balt.: Wblliams 
AVdkins, 1919. Price, $8.50, 

Hematology. By AVillis M. Fo'\XEn, M.D., 
Prof, of Internal Medicine, Univ. of Iowa. 
With a Chapter bv Elmeii L. DeGowtn, 
M.D. 2d eel. Pp. '535; 184 ills., 8 color 
plates. New York: P. B. Hochcr, 1949 
Pnee, $8 50. 

A\fosc the advances recorded in tins edition 
arc '‘Tlic use of folic acid m various diseases, 

particular!) sprue, Uie use of urelinne in the 
Ireitinent of kukemia and of nitrogen rniistard in 
the banphomas, Uic use of radiophosphorus in 
Ihe Irtalnicnt of pol>c>tlicmia and leukemias . . 
DcGowin’s complctcl) revised chapter on Trans- 
fusion gives a good consideration of tlic Rh 
factor and other blood groups 

Fundamentals of Internal Medicine. By A\'al- 
l.\ce Mason Yater, M.D , Director, Yater 
Clinic, formerly Prof, of Medicine, George- 
town Univ., etc. 3d ed. Pp. 1451, 315 ills 
New York. Applclon-Ccntuiy-Crofts, 1949 
Price, $12 00. 

In these davs when it is praclicallv impossible 
for standard medical tc^books to keep up to 
date, this new edition tlirougb numerous correc- 
tions and additions successful!) avoids congenital 
obsolescence In general, it adheres to the author’s 
original plan of presenting “the minimum amount 
of knowledge of clinical medicine a medical 
student or general practitioner should hav e *’ 
While such a text offers less to tlie post-graduate 
student or specialist, it probabl)’ has its place in 
teachmg and seems to be liked bv those for 
whom it is intended H. Z 
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THE OCCURRENCE OF ATHEROMATOUS LESIONS AFTER 
CAUTERIZATION OF THE AORTA FOLLOWED BY 
CHOLESTEROL ADMINISTRATION*’* 

By J. G. Schlichter, M.D. 

L. N. Katz, M.D. 

AND 

J. Meyer, B.A.* 

CHICAGO, ILLINOIS 


(From tlie Cardiovascular Department, Medical Research Institute, Michael Reese Hospitalf) 


Disturbances in the vascularity of 
the aortic wall cause disease of the 
aorta^’®’®’®. In the dog, obstruction of 
the vasa vasorum of the ascending 
aorta leads to medial necrosis and its 
sequelae, viz,, aneurysm formation, 
dissecting aneurysm and spontaneous 
rupture^. It was, therefore, felt that the 
tendency toward atlieroma formation 
was related, among other things, to the 
state of tlie vasa vasorum. This was 
tested in the dog. The vasa of the dog 
are extremely well developed®’'^, and 
tiiis may be one of the reasons for the 
Icnowm difficult)' in producing athe- 
romatosis in diis animal. In this study, 
tlierefore, some of die vasa vasorum 
were destroyed and a hypercholes- 
terolemia was superimposed for a 
period of months, Tlie effect of tin's 
combination was analyzed at necropsy. 

* Now at the Universit)' of Chicago. 

1 Tile department is supported in part by 
** Aided by the Life Insurance Medical Re 


Procedube. a total of 14 adult dogs were 
used. In 8 animals the ascending aorta was 
cauterized as previously described® so as to 
interrupt part of the vascular supply to the 
aortic wall. In 6 animals, cautery was omitted. 

Six of the 8 dogs subjected to cauterization 
received cholesterol intraperitoneally and 
orally; 2 of these in addition received oral 
thiouracil. One animal received cholesterol 
and thiouracil only by mouth, and 1, as a 
control, received only oral thiouracil. Two of 
the 6 animals without cauterization received 
cholesterol intraperitoneally and orally, 3 
received oral cholesterol and thiouracil, and 

1 received only oral thiouracil. 

About 10 gm. of cholesterol were adminis- 
tered orally per day, made up as a 10% mix- 
ture in cottonseed oil and mixed with the 
1: to 1 lb. of meat fed'daily. For intraperitoneal 
administration, 30 to 60 cc. of a specially 
prepared emulsion of cholesterol containing 

2 to S% cholesterol was injected under sterile 
precautions, 3 to 6 times a week. The choles- 
terol emulsion Avas prepared according to the 
method of Cole, Clark and Womack^. Choles- 
terol was dissolA'ed in ether, 12 gm. to 200 

e Michael Reese Research Foundation. 

:arch Fund. 
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cc.; tliis solution was added to 400 cc. of 
tap water containing 4 gm. of sodium oleate. 
During this mixing process, tJic solution was 
constantly shaken. The olcate-cholcstcrol mw- 
toe was tlien dropped very slowly into a 
current of steam under 2 lbs. pressure. In 
tliis way the ether is completely evaporated 
and a line emulsion results which is stable 
for a period of several weeks. Thiouracil, 0.5 
to 0.8 gm. per day depending on tlic animal’s 


size, was given in gelah’ne capsules. In 
most instances, it was readily accepted by 
the animal; in a few, forced feeding was 
necessary. 

Results. Table 1 summarizes the 
results obtained. The blood cholesterol 
levels given are the highest values in 
each animal. The normal levels found 


TABLE I.-SUjMJIAHY OF PERTINENT DATA 


Uighesl Wood 

Duration of Dnclopment cholesterol 


Dog No. 

Treatment treatment of atheroma 

Dogs Without Coagulation of the Aortic Advcntiti.a 

mg. per 100 

9814 

Cholesterol feeding, 
intraperitoneal injection 
of cholesterol; no 
thiouracil. 

4 months 

none 

360 

0419 

Cholesterol feeding, 
intraperitoneal injeetion 
of cholesterol; no 
thiouracil. 

4 months 

none 

430 

9504 

Cholesterol feeding and 
thiouracil feeding. 

11 montlis 

none 

370 

9455 

Cholesterol feeding and 
thiouracil feeding. 

3 months 

none 

190 

9805 

Cholesterol feeding and 
thiouracil feeding. 

7 months 

none 

260 

0411 

Thiouracil feeding only. 7 months none 

Dogs with Coagulation of Aortic Adventitia 

330 

9338 

Cholesterol feeding, 
intraperitoneal injection 
of cholesterol; no 
thiouracil. 

5 weeks* 

none 

240 

9390 

Cholesterol feeding, 
intraperitoneal injection 
of cholesterol; no 
thiouracil. 

1 d.ay* 

none 


9342 

Cholesterol feeding, 
intraperitoneal injection 
of cholesterol; no 
thiouracil. 

20 weeks 

positive 

380 

9449+ 

Cholesterol feeding, 
intraperitoneal injection 
of cholesterol: no 
thiouracil. 

12 weeks 

none 

230 

9866 

Cholesterol feeding, 
intraperitoneal injection 
of cholesterol and 
thiouracil feeding. 

12 weeks 

positive 

360 

9477 

Cholesterol feeding, 
intraperitoneal injection 
of cholesterol and 
thiouracil feeding. 

5 weeks* 

none 

200 

■ r- 

9333 

Cholesterol feeding and 
thiouracil feeding. 

10 months 

none 

320 

9514+ 

Thiouracil feeding only. 

12 months 

none 

280 


+ Cauterization not successful in producing necrosis of media, presumably because of adequate col- 
lateral circulation. 

* Animals died within 5 weeks or less after operation. 
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in these animals were 50 to 100 mg. 
per 100 cc. The maximum levels of 
from 190 to 430 mg. were attained 
after 2 to 3 weeks administration of 
the cholesterol; thereafter the blood 
levels became stable or declined some- 
what. 

Two of the animals with cauterized 
aortas (9449, 9514) failed to develop 
medial necrosis or other expected gross 
or histological changes, apparently due 
to an adequate collateral vasa vasorum 
circulation®. One of the animals cau- 
terized (9390) lived only 1 day post- 
operatively. Two of the animals with 
cauterized aortas (9338, 9477) lived 5 
weeks postoperatively and showed the 
expected medionecrotic changes in the 
aorta®; however, the time of smvival 
was apparently too short for the occur- 
rence of atherosclerotic lesions. These 
5 of the 8 animals which either did not 
show the primary necrotic lesions 
expected or lived too short a period of 
time on the special feeding, will not 
be considered further. None of the 6 
control animals showed any histologi- 
cal or gross ewdence of atheromata 
anywhere in the aorta. 

The remaining 3 animals (9333, 9342, 
9866) merit detailed description: In all 
3, the parietal pericardium and right 
auricular appendage were adherent to 
tlie coagulated part of the adventitia. 
On section, greyish areas were seen in 
the media of the ascending aorta 
extending into the intima. Micro- 
scopically these greyish areas corre- 
sponded to an irregular mesh-work of 
fibrous tissue in the middle and inner 
third of the media; intimal prolifera- 
tion was marked above these areas. 

In dog 9333 there were no other 
significant changes seen throughout 
die entire aorta. 

In dog 9342 subendothelial and 
medial lipid deposits, as well as sev- 
eral foci of old healed medial necrosis 
were seen microscopically (Figs. 1 and 
2); grossly calcific nodules could be 


observed protruding into the lumen 
from the aortic wall near the edges 
of the aortic valves. 

In dog 9866 a small aneurysm was 
observed in the ascending aorta 2 cm. 
above the aortic valves. The aneurysm 
measured Ua by 1 cm. and showed 
slightly raised yellowish-grey areas in 
the intima around the edges of the 
aneiuysm nearest the aortic valves 
(Fig. 3). On section these areas ex- 
tended into the media. In addition 
there were calcific areas in the media 
(Fig. 4). Microscopically lipid deposits 
could be seen in the subendothelial 
layer and in the inner third of the 
media. An atheromatous ulcer involv- 
ing the intima and media was present 
widi calcium deposition in the altered 
media resembling lesions seen in 
human arteriosclerosis (Fig. 5), 
Discussion. Our results show that 
the addition of exogenous cholesterol 
with or without thiouracil which is 
associated with only a moderate hyper- 
cholesterolemia may lead to the devel- 
opment of atheromatous lesions within 
3 to 5 months in the ascending aorta 
in the region in which vascularity of 
its wall has been interfered with exper- 
imentally, These atheromatous lesions 
are confined to the area with impov- 
erished vascularity; they do not occur 
elsewhere in the aorta of the same 
animals, nor do they appear in other 
animals on a similar regimen but with- 
out such disturbances in the vasa 
vasorum. In addition other changes 
previously described®, including degen- 
erative lesions, intimal proliferation, 
fibrotic and calcific changes of the 
media and aneurysm formation were 
seen. The atlieromatous changes did 
not occur in 1 instance even after 10 
months of cholesterol and thiouracil 
feeding (see dog 9333). However, such 
atheromatous lesions did appear in 2 
instances where there was a combina- 
tion of; a) sustained moderate hyper- 
cholesterolemia and h) local interfer- 




Fig. 1. Subendocardial lipid deposits from ascending aorta. Hemato\ylin-eosin (x95). 

Fig. 2. Subendocardial and medial lipid desposits from ascending aorta. 
Hemato\ybn-eosin ( \ 95 ) . 


Fig. 3. Aneurysm formation in the ascending aorta. Atheroma formation and lipid deposits 
around the edges of the aneurysm and near tlie valves. Calcifications of the aorta near the 

commissures of the valves. 
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Fig, 4. Calcific areas in the media. Hemato.vylin-eosin (x95). 
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ence witli tlie blood supply to tlie wall 
of the aorta. 

Cholesterol feeding in rabbits and 
chickens induces atheromatosis of tlie 
aorta and otlier vessels. It has been 
shown in this laboratory that tlie 
rapidity and extent of development of 
these lesions are related to the dura- 
tion and magnitude of the hj'per- 
cholesterolemia®. Recently Steiner and 
Kendall® have sIiomti tliat atheroma- 
tous lesions in the descending aorta of 
tlie dog can be jiroduced by feeding 
cholesterol and thiouracil for periods 
up to 1 year; the cholesterol blood 
levels were raised up to 2000 mg. per 
100 cc. Our negative results witli long 
term cholesterol and tliiouracil feeding 
which we are reporting do not negate 
the positive results of Steiner and 
Kendall. We did not attempt to redu- 
plicate tlieir experiments but used 
these animals as controls for our owm 
experiments with vasa vasorum inter- 
ference. We did not keep our animals 
on tlie high cholesterol diet as long 
nor did we raise tlie blood cholesterol 
as high as in their experiments. 

Blood cholesterol levels and exogen- 
ous cholesterol are apparently not die 
only factors concerned in atheroma- 
tosis. For example, it has been sliowm 
in this laboratory that chickens fed on 
almost fat-free diet for 13 months'* 
still develop atheroma, though not to 
the extent of those on an ordinary diet. 
In man, arteriosclerosis and atheroma- 
tosis correlated poorly widi the amount 
of exogenous cholesterol in the diet or 
with the blood cholesterol levels. 
These facts suggest the possible opera- 
tion of some other factors in the pro- 
duction of atheromatosis. The present 
report brings forth evidence that the 
nourishment of the waU of the blood 
vessels may be one such important 
factor. 

Our present studies indicate that the 
difRcultv of inducing atherosclerosis in 
the dog may be overcome by inter- 


fering wiUi this rich vascularity of the 
dog’s aortic wall. It would follow from 
this Uiat the vascularity of the aortic 
wall is important in producing and 
localizing medionecrotic, arterioscle- 
rotic and atherosclerotic lesions. We 
have demonstrated that atheromatosis 
develops in tlie area with diminished 
vascularity in a relatively short period 
of time (3 to 5 months) with only a 
moderately raised blood cholesterol 
level in the dog. It is, tlierefore, possi- 
ble that with a markedly diminished 
local blood supply of the aortic wall 
cholesterol deposits may appear under 
certain circumstances even witli a nor- 
mal blood cholesterol level. 

Summarj’. 1. Of 8 dogs in which the 
ascending aorta had been cauterized, 
1 de\'eloped atheroma within 20 weeks 
on being given cholesterol orally and 
intraperitoneally. A second dog devel- 
oped atheroma within 12 weeks on 
the same regime plus oral tliiouracil. 
A tliird dog failed to develop atheroma 
after 10 months of oral cholesterol and 
thiouracil. Tliree of the other dogs 
lived less tlian 5 weeks postoperatively, 
apparently not long enough to develop 
atheroma. The remaining 2 did not 
show medial necrosis or other degen- 
erative lesions and so did not have the 
local ischemia or degeneration upon 
which atlieroma might be expected to 
develop. 

2. The lesions in the 2 animals with 
atheroma were confined to the area in 
which there had been interference 
wth the vasculature of the vessel wall. 

3. Six dogs without cauterization of 
the aorta kept on a similar regimen of 
cholesterol and, or, thiouracil showed 
no atheromatous or other pathological 
changes of the aorta. 

4. The relationship of the state of 
vascularity of the aortic wall to dis- 
turbances of lipid metabolism in the 
pathogenesis of experimental atheroma 
and arteriosclerosis is stressed. 
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THE VASCULARIZATION OF THE AORTA 
II. A COMPARATRTE STUDY OF THE AORTIC VASCULARIZATION 
OF SEVERAL SPECIES IN HEALTH AND DISEASE- 


By J. ScuLiairan, M.D. 

AND 

R. Hawus, M.D.f 

CHICAGO, ILLINOIS 

(From the Cardiovnscular Department, Medical Research Institute, Michael Reese Hospital) 


In a previous report a technique of 
studying tlie vascularity of the aorta 
was presented and the I'ascularization 
of the aorta in tlie normal dog 
described’*. The effects of experimental 
interference with the I'ascularization 
of the aorta in tlie dog were like\n‘se 
analyzed®'. The present report is con- 
cerned with the results of an investiga- 
tion of tlie comparative vascularization 
of the aorta in man, dog, chick, and 
rabbit by means of roentgenologic and 
microscopic techniques. For greater 
accuracy separate series were con- 
ducted by two observers working inde- 
pendently and using standardized tech- 
niques so that the semiquantitative 
measurements obtained could be com- 
pared. 

Methods. The hearts and aortas were 
obtained postmortem and the vasa vasorum 
of the aorta injected in one of two 
ways. In the first method a glass cannula 
was inserted into the aorta, either at the 
arch or in the descending part of tlie aorta, 
depending upon the portion under study. 
Facing upstream, tlie cannula was tied firmly 
into place. All branches of the aorta above 
the cannula except the coronary vessels were 
ligated near their origin. In the second 
method a cannula facing upstream was tied 


into tile lumen of the right, left, or both 
coronar)’ vessels. Prior to injection the coro- 
nan' osfia in tlie sinuses of Valsalva were 
occluded by wet cotton to prevent leakage 
into tlie aorta. 

In most instances the dogs, rabbits, and 
chickens were heparim'zed before being sacri- 
ficed. The pericardium and tissues adjacent 
to the heart and aorta were generally 
remoi'ed together with the heart and aorta. 

By means of a modified Schlesinger appa- 
ratus tlie cannulafed I'essel was irrigated first 
with warm saline solution after which the 
warm, radio-opaque mixture of Dock** was 
perfused under a pressure of 150 to 200 mm. 
of mercur}' for 20 to SO minutes. During the 
first part of the injection tlie pressure was 
permitted to fall to zero several times, thereby 
changing the solution in the aorta and allow- 
ing better filling of the vasa vasorum. Immer- 
sion of the contiiiner in hot water kept the 
radio-opaque mixture warm and fluid. Liga- 
tures or clamps controlled major leaks from 
tlie aorta. Slow oozing of the mixture from 
small leaks in the aorta was permitted. At 
the end of tlie injection period the specimen 
was packed in ice while the injection pres- 
sure was maintained. After the radio-opaque 
material was fixed in tlie vessels by the 
cooled, solidified gelatin, the aorta and heart 
were opened, the aorta separated from the 
heart and x-rayed. Only apparently well- 
injected specimens were x-rayed. The infre- 
quency of wide departures from tlie ai’erage 
distribution in normal animals is confirmatory 
evidence of the success of the injections. 


• Aided by the Life Insurance Medic.al Research Foundation. 

** Two hundred and fifty grams of lead carbonate and 50 gm. of mercuric sulfide with 
500 cc. water were mixed in a ball mill jar to get a fine suspension (Solution A). Then, to 
500 cc. of water, 120 gm. of sucrose and 60 gm. of “Difeo” Gelatine were added (Solution B). 
The latter was wanned to 50° C. with constant shaking. Solutions A and B were then mixed 
and filtered through two layers of wet cheese cloth and the mixture then placed in the 
icebox until needed®. 

1 Present address: Albany, New York. 
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The roentgenologic technique depended 
upon the type of x-ray machine used and 
the thickness of the specimen. Several roent- 
genograms of the same specimen were gen- 
erally taken under slightly varying techniques 
to obtain the best possible detail. The follow- 
ing settings were found to give superior 
detail most consistently: kv, 30-40; ma, 
100-30; time, U-IU seconds; fine focal spot; 
anode-fflm distance, 30 inches; paper film 
holder; and non-screen film. 

Microscopic sections were then prepared 
from tlie specimens and examined to deter- 
mine the degree of actual vessel filling. An 
attempt was made to estimate semi-quantita- 
tively the vascularization of the ascending 
aorta by classifying the diflFerent aortas on 
tlie basis of number and distribution of the 
vasa vasorum according to the following 
plan: A, no vascularity observed (grade 0); 
B, comparatively poor vascularity (grade 1); 


from the left and right coronary arter- 
ies, by vessels arising from the great 
vessels of the aortic arch, and by vasa 
originating directly from the lumen of 
the aorta. The vasa from these 3 
sources form a rich anastomotic net- 
work. The extensive adventitial system 
is supplied by vasa from the coronary 
arteries and the large arteries of the 
aortic arch, while die less extensive 
medial system is composed of vasa 
arising from the adventitial network 
and from die lumen of the aorta. The 
vasa originating from the lumen of the 
aorta spread into the inner and middle 
thirds of die media. Often reaching 
the outer third of the media, these vasa 


TABLE 1. SUMMARY OF MATERIAL EXAMINED 


species 

Type of Aorta 

Number of Injection Specimens 



Series 1 

Series 2 

Dog 

Normal 

60 

7 

Experimentally disturbed 

11 

0 

Human 

Premature Infants 

2 

9 


Infant (4 months old) 

Children and Youths 

0 

1 


(1 to 18 years of age) 

4 

0 


Adults (20 to 80 years of age) 

12 

6 

Chicken 

24 

7 

Rabbit 


12 

11 

Total 


125 

41 


C, comparatively fair vascularity (grade 2); 

D, comparatively good vascularity ( grade 3 ) ; 

E, comparatively e.\'cellent vascularity (grade 

Several rabbits and chickens were injected 
in toto. These were anesthetized, heparinized, 
and tlien bled from the femoral arter}' while 
^ intravenous isotonic glucose was administered. 
'After exsanguination tlie radio-opaque mix- 
ture was injected retrograde through die 
femoral artery. A few specimens were dehy- 
drated by immersion in increasing concen- 
trations of ediyl alcohol and then cleared 
yitli oil of wintergreen so that die distribu- 
tion of die vessels could be studied grossly. 

Results. The number of preparations 
examined in both series is listed in 
Table 1. The composite findings in 
each of die species follow: 

Dog. The ascending aorta of die nor- 
mal dog is supplied by vessels arising 


from the lumen of die aorta could be 
seen to anastomose with the adventi- 
tial vessels. Microscopically, numerous 
small openings (stomata) with dia- 
meters too small to be injected by the 
mixture were seen. The adventitial 
plexus became progressively less ex- 
tensive caudad while the number of 
intimal vessels appeared to increase. 

In 11 dogs the vascularity of die 
ascending aorta was disturbed experi- 
mentally®. Absence of vascularity of 
the afiFected area appeared in animals 
shondng medionecrosis, spontaneous 
rupture of die aorta, and ^dissecting 
aneurysm. In the dogs in which the 
medionecrotic lesions healed, a marked 
increase in number and irregularity of 
the vascular network of the coagulated 
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region was found 6 weeks after die 
experimental injury. 

fhe majority ol die dog specimens 
demonstrated comparatively excellent 
vascularity (grade 4) although some 
had a less extensive vasa vasorum sup- 
ply. In a number of specimens the 
very vascular and very well injected 
cardiac fat pad surrounding the root of 
the aorta was removed with scissors so 
that the roentgenograms would give an 
index of die vascularity of die aorta 
widiout superimposition of diese ves- 
sels. Anatomically and physiologically 
the fat pad does contribute to die vas- 
cularization of the aorta. 


observed in the atheromatous lesions of 
man. A few vasa were occasionally 
seen in die middle diird of die media, 
but no direct vessels from the intima 
were found with the excepdon of 
stomata. When the ductus arteriosus 
was patent in the infants, vasa between 
die aorta and pulmonary artery were 
visible grossly and roentgenologically. 
The pulmonary arter)' generally showed 
better vascularit}' dian the aorta when 
it was injected in several cases. 

Chicken. In chickens the vascularit)' 
of the aorta was comparatively less 
than in the dog and human, but some- 
what more dian in the rabbit. Some 



Fig. 1 . Roentgenogram of tlie dog’s aorta after injection (actual size) showing tlie compara- 
tive excellent vascularity of its ascending portion. In tlie middle of the lower third of the 
aorta are seen branches of a vessel arising directly from the lumen of the aorta (at arrow); 
proven by microscopic section. The aorta has been separated from the heart so that only part 
of the aortic valves is seen at the bottom. The brachiocephalic vessels are located at the 
right and top (with the more intense radioopacity). 


Human. The vascularity of the 
ascending aorta of the adult human 
was comparatively less than that of 
the dog, but superior to that of the 
chicken and rabbit. The adventitia and 
media below atheromatous plaques of 
the aorta were less vascular and in 
fibrotic areas secondary vasa up to 30 
microns in diameter were seen. Newly 
formed vasa of intimal origin were 


vasa were observed in the outer third 
of the media, but no direct intimal ves- 
sels were seen. The atheromatous 
plaques of chickens fed cholesterol 
showed smrounding adventitial and 
medial vasa ranging from 10 to 30 
microns in diameter. 

Rabbit. The ascending portion of the 
aorta in the rabbit was found to be 
the least vascularized of all fhe species 
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examined. No direct intimal vasa 
vasorum were observed. 

Discussion. This experimental study 
indicates that the vascularity of tlie 
ascending aorta is comparatively great- 
est in the dog and decreases progres- 
sively in the human, chicken, and 
rabbit. Although individual variations 


demonstrated vascularity superior to 
that of the larger adult human aortas, 
while the aortas of premature babies 
generally showed better vasculariza- 
tion than those of rabbits and chickens 
of approximately similar size. 

The radio-opaque mixture, found to 
fill the vasa vasorum 10 microns or 



Fig. 2. Roentgenogram of tlie injected aorta (actual size) in a 45 year old woman who 
died postoperatively, showing the somewhat lesser vascularity of its ascending portion. No 
significant abnormality of the aorta was seen grossly or microscopically. The broad, well-filled 
coronary vessels are seen at the bottom (left and right). 

occur, these results are significant since larger in diameter, may go wherever 
tliey were established after careful blood flows since it has a specific vis- 
roentgenologic and microscopic evalu- cosity of 5.40 as compared with 4.07 
ation. The species differences in num- for blood^. The vessels filled were those 
her and distribution of the vasa of physiologic significance in that they 
vasorum are unrelated to the size of were capable of transporting the 
tlie aorta since the smaller dog aortas er)^throc)i:es with their oxygen supply. 
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The data obtained indicate that the 
blood supply through the vasa vasorum 
to the wall of the ascending aorta, fol- 
lowing the vascularit)', is compara- 
tively best in the dog, less in the 
human and chicken, and least in the 
rabbit. 

These basic differences in blood sup- 
ply in different species may explain 
some of the diflBculty in producing 
medial necrosis or arteriosclerosis in 
dogs and the ease witli which tliese 
changes are produced in rabbits. 
Humans and chickens are intermediate 
betAveen the extremes seen in the dog 
and rabbits in this tendency. It is well 
known tliat the dog is significantly less 


prone to spontaneous degenerative 
arterial lesions tlian the rabbit, in 
which these spontaneous lesions occur 
frequently^. Correlating our findings 
with these obser\'ations it would 
appear that species with better vas- 
cular supply to the aortic wall have 
less tendency to develop these degen- 
erative arterial lesions, while the 
species xvith poorer vascularity exliibit 
a greater tendency. Ex-perimentally 
this supposition has received support 
from work in which interference with 
the blood supply to the aortic wall has 
been showm to lead to degenerative 
arterial lesions^. Clinically it has been 
noted that tliese lesions are less likely 



Fig. 3 Fig. 4 


Fig. 3. Roentgenogram of the aorta in tlie chicken after injection (VA times actual size) 
showing the poor vascularity of its ascending portion (tlie vertical part on the right). Part 
of the injected myocardium is still visible in tile lower right comer of the specimen. The 
brachiocephalic vessels extend to the left at the bottom. 

Fig. 4. Roentgenogram of the aorta in the rabbit after injection (actual size) showing the 
very poor vascularity of its ascending portion. Some of the injected myocardium has been 
left at the bottom of the picture. The ascending aorta e.xtends from the upper margin of the 
myocardium to the mass of injection material in the brachiocephalic branches of the aorta 
(on the right just above the lower pin). Above this level are the arch and descending portion 

of the thoracic aorta. 
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to develop in vessels such as the pul- 
monar)' artery and peripheral veins 
which are well supplied by vasa 
vasorum. 

From the preceding data a general 
working hypothesis can be established, 
namely that the development of degen- 
erative arterial lesions appears to vary 
inversely with the blood supply to the 
arterial wall. This hypothesis does not 
preclude the probability that other 
factors, such as hormones, intrinsic 
cellular metabolic defects, or heredity, 
may play a role m the evolution of 
these lesions, but does emphasize the 
importance of the blood supply factor. 
Of the materials carried by the blood, 
oxygen would appear to be the most 
essential, for oxygen storage in tissue 
or tissue fluid is practically non- 
existent®. 

Conditions expected to produce 
degenerative arterial changes generally 
fall into 2 categories. In the first group 
are included those conditions which 
physiologically increase the demand 
for blood, and especially oxygen, by 


the arterial wall without proportional 
increase in the supply. Such a state of 
affairs might be found in hypertension 
or even in normal physiologic growth 
of the aorta. In the second group are 
conditions actually reducing blood 
flow, and tliereby the oxygen supply, 
to the arterial wall. This state might 
be found in syphilitic aortitis where 
the vasa vasorum are destroyed, or 
in clinical states causing prolonged 
anoxemia. 

Summary and Conclusions. 1. By 
means of an injection technique, the 
vascularity of the ascending aorta in 
the dog, human, chicken, and rabbit 
was studied roentgenologically and 
microscopically. 

2. The vascularity was compara- 
tively greatest in die dog and was pro- 
gressively less for the human, chicken, 
and rabbit, in that order. 

3. The relationship of these differ- 
ences in vascularization of the aorta 
to the spontaneous and experimental 
production of degenerative arterial 
lesions in these species is discussed. 


We are indebted to Dr. L. N. Katz for his suggestions during tliis study and to Dr. O. Saphir 
of the Department of Patholog)' of tins hospital and Dr. H. Popper of the Patholog}' 
Institute, Cook Count}' Hospital and their stafiFs for supplying the human necropsy material. 
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Premenstrual intoxication is an 
extremely common s)mdrome which, 
like the common cold, is often only 
annoying though it may be temporarily 
disabling. It is not a specific disease 
entity, but rather a cyclic recurrent 
impairment in health^®, more often 
than not ignored by physicians and 
neglected by patients because they 
have come to feel tliat it is an unavoid- 
able evdl, an inevitable part of the 
distress of menstruation. The sjmdrome 
is of sufficient intensity to induce sub- 
jective symptoms lasting from 2 to 10 
days premenstrually in from 40 to 50? 
of menstruating women. Relatively 
few of these patients report their pre- 
menstrual disfa-ess as primary, present- 
ing complaints. Most commonly the 
symptoms are eh’cited only upon ques- 
tioning, for like most migrainics®® these 
patients suffer for years in silence on 
the assumption that because their 
mothers and elder sisters suffered, they 
too must endure this distress, ’iVhen 
the potentiah'ty of preventive therapy 
is pointed out to these young women 
and successful prophyla.xis relieves 
them of their recurrent discomforts, 
their profound gratitude is a significant 
reproach of previous neglect. 

As unth many other disorders, the 
syndrome must be searched for in 
order to accomplish truly effective 
therapv. It is no longer justifiable to 
wait upon disablement before institut- 
ing appropriate therapy^®. Only in the 
( 616 ) 


more severe cases is the composite 
clinical picture presented. The tjipical 
s}mdrome is recurrent, beginning in- 
sidiously from 2 to 12 days before the 
onset of menstrual flow, with rising 
intensity of symptoms until menstru- 
ation actually starts, and then rapidly 
subsiding. Depression, hyperirritabil- 
ity, irascibility, a hair-.trigger temper, 
insomnia, abdominal fulness, head- 
ache, nausea, vomiting, low lumbar or 
sacral area backache, aching in the 
thighs, intense h)'peresthesia of the 
breasts, and pedal and mamman' 
edema constitute the composite clinical 
picture. In the majority of cases one 
or another of these clinical phenomena 
\vill predominate, but occasionally pa- 
tients are observed who suffer from 
all, or nearly aU, these sjmiptoms. In 
severe instances, the emotional reac- 
tions may be so violent as to border 
upon the psychotic. Though there is 
great variation in the intensity of the 
syndrome between different women, 
in any specific individual the pattern is 
surprisingly consistent with each recur- 
rence. Ofttimes, anticipation of the 
apparently inevitable distress is a 
major element in adding to anxiety 
and, or, depression. In mild instances, 
merelv a sb'ght cyclic depression and 
ill defined restlessness may be all that 
occurs. 

Because psychological phenomena 
are often more conspicuous than so- 
matic changes, Frank® designated the 
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syndrome as “premenstrual tension” in 
1931. There are many physicians today 
who feel that the whole syndrome is 
essentially psychogenic, an instance of 
psychosomatic malfunction associated 
with the emotional components of the 
menstrual cycle. This opinion is held 
by many psychiatrists, and especially 
those oriented to psychoanalysis. But 
there is considerable evidence, to be 
presented in this report, that the situ- 
ation is more truly soma-psychic, and 
that a true chemical, though as yet 
imidentified, intoxication induces the 
psychic as well as the somatic phe- 
nomena. Macht^- has demonstrated 
that die blood and secretions of men- 
struating women contain a toxic sub- 
stance, poisonous to both plants and 
animals. This substance, which he 
called menotoxin, is phannacologically 
related to phenanthrene derivatives, 
cholesterol, oxycholesterol, and the es- 
trogenic sterols. It is highly probable 
that much of the premenstrual symp- 
tomatology is due to accumulation of 
menotoxin in the tissues prior to men- 
struation, and the rapid subsidence of 
symptoms associated with its release 
into the blood stream and thus into 
the urine and other secretions coin- 
cident with the onset of actual men- 
struation. 

Habitual recurrent premenstrual hy- 
perthermia, observed over a period of 
14 years, has been reported by 
Reimann^®. This phenomenon of fever 
beginning at about the time of follicle 
maturation and continuing until the 
day preceding menstruation is ex- 
tremely common, but it is rarely 
obsen’^ed unless a specific search is 
made. Today, the phenomenon is 
employed as a guide to determine die 
date of oinilation. As fever is associ- 
ated with increased tissue hydration 
and a retention of bound-water, the 
report of Thomas-^ of 2 cases of mas- 
sive generalized edema occurring only 
prior to menstruation is essentially con- 


firmatory of the concept of an under- 
lying intoxication affecting the water 
balance of the body. One of Thomas’ 
patients, a woman of 38, presented a 
year liistory of premenstrual gain in 
weight (5 to 6 kg.), generalized edema, 
cephalalgia, and lilurred vision. There 
was marked choking of die optic discs, 
and the spinal fluid was under in- 
creased pressure during tiiis phase of 
the cycle. Recovery was invariably 
rapid, with a diuresis of 4,500 cc. in 24 
hours. Chilling, infection, and fatigue 
aggravated individual attacks. A calci- 
fied lesion was discovered in the region 
of the pituitary gland, and die sjm- 
drome subsided when anterior-pitui- 
tary-like sex hormone was adminis- 
tered. The hormonal injections pre- 
sumably either activated the anterior 
pituitary or opposed the antidixuetic 
activity of the posterior lobe. 

Puech^^ presented the unusual case 
of premenstrual intoxication associated 
widi renal, dermatologic, and respira- 
tory manifestations. The patient, age 
.32, had had nocturnal asthma since 
childhood and premenstrual exacer- 
bations of asthma since age 28. The 
latter appeared 4 days before the ’ 
menses, subsided at their onset, and 
were accompanied by nasal discharge, 
fever, lumbar ache, and a pruritic 
eruption. Renal involvement was mani- 
fested by oliguria, hematuria, and tlie 
presence of granular casts. Between 
attacks the subject was essentially 
well, except for a mild asthma. Injec- 
tions of progesterone during the latter 
half of the menstrual cycle rapidly 
eliminated all premenstrual signs and 
symptoms. The author concluded that 
neuro-endocrine disorders could be of 
fundamental importance in the patho- 
genesis of nephritis. 

Cases similar to those cited above 
are rare. They are mentioned primar- 
ily to illustrate the fact that premen- 
strual intoxication can seriously mar 
otherwise enjoyable, productive lives. 
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Even in the usual mild case, mani- 
fested principally by minor psychic 
changes (particularly increased irrita- 
bility), temporary loss of efficiency and 
difficulties in interpersonal relation- 
ships are prone to develop. Recurrent 
domestic discord, based in part upon 
the wife’s premenstrual emotional vul- 
nerability, may threaten not only her 
happiness but tlie very existence of a 
family unit. It would be interesting 
to study tlie correlation of premen- 
strual mtoxication to crimes of violence 
committed by young women; it is quite 
probable that reduction of self-disci- 
pline by the intense hyperirritability 
so common in this syndrome may play 
a predisposing etiologic role. 

Etiology. The past 20 years have 
witnessed the development of several 
theories concerning the physiologic 
mechanisms responsible for &is syn- 
drome. In 1930, Barath and von 
Magyary® reported their studies of 
edema during pregnancy. Some of 
their patients were clinically edema- 
tous; others were not. Isotonic saline 
solution (0.2 cc.) was injected intra- 
dermally to determine the wheal 
resorption time, following the tech- 
nique of Aldrich and McClure-. Dur- 
ing the last months of pregnancy, 
resorption time was found to be accel- 
erated by an increase in tissue colloid 
affinity for water. Diminution of the 
blood serum albumin-globulin ratio 
and the swelling capacity of blood 
colloids was observed, even in the 
absence of clinical edema. These stud- 
ies provoked speculation concerning 
the inter-relationships of ovarian activ- 
ity and body water balance. 

The following year, Frank® pub- 
lished his classical paper on premen- 
strual tension. He found an excess of 
female sex hormones in the blood 
when tension was at its peak. Venesec- 
tion or Roentgen irradiation of the 
ovaries effected a lowering of circulat- 
ing hormone levels and provided 


symptomatic rehef. One patient dem- 
onstrated a markedly elevated renal 
tlireshold for female sex hormones. 
Frank concluded that the premen- 
strual syndrome is based upon exces- 
sive production and, or, inadequate 
excretion of female sex hormone. 

Sweeney-^ discussing a phenomenon 
which he termed “menstrual edema”, 
stated that it occurs to a variable 
degree in almost all presumably nor- 
mal women. He reported that subjec- 
tive symptoms were minimal and 
usually consisted of a peculiar tight, 
stuffy sensation in the abdomen, hands, 
and, or, feet prior to menstruation. 
These discomforts disappeared shortly 
after the period was estabhshed. Of 
the 42 normally menstruating women 
in his series, 30? gained 3 or more 
poimds premenstruilly. Some subjects 
did not gain M’eight, but those who 
did noted an increased tliirst, dimin- 
ished urinary output, and the previ- 
ously described sensations. Thom and 
his associates-® verified these observa- 
tions in a series of 59 cases. Balance 
studies revealed a retention of sodium, 
chloride, and water during the inter- 
menstrual and premenstmal phases 
and an augmented renal excretion of 
these substances during menstruation. 
Sweeney suggested that a disturbance 
of the sympathetic nervous system was 
responsible for premenstrual edema 
and discarded the notion of an intrin- 
sic renal defect. 

IsraeR^' ascribed premenstrual intox- 
ication to faulty lutenization, with con- 
sequent progestin deficiency and a 
relative hyperestrogenemia. In his 
series of 14 cases, only 4 of the 7 
whose blood and urine were assayed 
revealed an abnormally high renal 
threshold for estrogens. Since symp- 
toms arise when corpus luteum activity 
should be at its height and are aggra- 
vated by the administration of estro- 
gens, a progestin deficiency was 
assumed. This theory was disputed. 
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however, by Provenzano^®, who per- 
formed endometrial biopsies upon 15 
cases of premenstrual intoxication and 
found a normal secretory type of 
endometrium in 12. 

Greenhill and Freed® have expressed 
the opinion that sodium ion retention 
is partially controlled by tlie ovarian 
steroids, citing the observation that 
estrogens and progesterone produce 
sodium retention in experimental ani- 
mals, The observations of Selye^’ tliat 
overdosage with desoxycorticosterone 
acetates leads to sodium retention, 
renal injury, and water retention are 
confirmatory of the idea that elevated 
levels of ovarian steroids premenstru- 
ally cause an accumulation of sodium 
ion in the various tissues of tlie body, 
which in turn produces edema. Edema, 
then, was considered tlie immediate 
cause of symptoms, tlie clinical picture 
depending upon tlie organs involved. 
Greisheimer et al.^ reasoned that if the 
above hypothesis were correct, tliere 
should be an increase in the total base 
content of the serum preceding men- 
struation. Analyses were performed 
upon 13 women with premenstrual 
intoxication, 9 women who were free 
of symptoms, and 10 male students. 
No cyclic change in blood pH,, carbon 
dioxide combining power, chloride, or 
total base were detected. The carbon 
dioxide content of die blood was 
higher in die males than in die females. 
Fluctuations in pH., carbon dioxide, 
cliloride, and total base over a period 
of 6 weeks were greater in the males. 

Obvious disagreement exists con- 
cerning the specific physiological 
, mechanisms responsible for premen- 
strual intoxication. It is apparent, how- 
ever, diat an individual case may be 
based upon one or more of several 
dysfunctions, and diat the etiologic 
pattern is not necessarily identical in 
every instance'®’®^ Initial symptoms 
may arise at the menarche, but more 
frequendy develop during sexmal ma- 
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turity, in the twenties or early diirties. 
Occasionally, the onset of symptoms is 
precipitated by emotional crises, often 
stemming from sexual frustration^®. 
Such psychic traumata possibly evoke 
an excessive production of ovarian 
steroids, or an increased sensitivity to 
normal levels. Whedier or not diis 
is true, emotional distm-bances are 
known to aggravate an already estab- 
lished premenstrual intoxication. Occa- 
sional cases may be based upon dis- 
tinct pituitary or ovarian hormonal 
imbalance. Sometimes these can be 
detected by performing roentgenologi- 
cal studies of die skull, chemical stud- 
ies of die blood and urine, and g}me- 
cological examinations. In our clinical 
experience, however, in the vast ma- 
jority of instances the fundamental dis- 
turbance was simply a transitory 
edema and intoxication. Whedier the 
signs and symptoms are produced by 
retained estrogens or by toxic meta- 
bolic products, such as die menotoxin 
of Macht, is as yet unsettled. Uncer- 
tainty as to the precise pathogenesis, 
however, should not cause dierapeutic 
neglect when therapy is botii safe and 
highly effective. 

Therapy. In general, psychotherapy 
alone is inadequate for the relief of 
premenstrual intoxication, but it is 
distinctly beneficial when employed in 
conjunction with medication. Fre- 
quently the assurance that the dis- 
order has a truly organic (toxic) foun- 
dation will be immensely relieving to 
the anxious patient who has been 
deeply afraid that the whole matter 
will be laid to her being “neurotic”. 
The realization that efforts are being 
made to promote relief is an additional 
stabilizing influence. 

Frank® was among the first to rec- 
ommend specific medical dierapy for 
this disorder, employing diuretics and 
saline cathartics to enhance die pre- 
menstrual excretion of sex hormones. 
In severe cases, he resorted to Roentgen 
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irradiation of the ovaries to diminish 
estrogen production. Success widi 
these techniques has been reported 
by subsequent investigators^^-^®. When 
premenstrual intoxication is incidental 
to an anterior pituitary deficiency, re- 
placement therapy for the latter may 
stabilize water balance and eliminate 
premenstrual symptoms®'*. 

Greenhill and Freed® prescribed 
oral ammonium chloride to decrease 
the retention of sodium during the last 
2 weeks of the cycle, administering 0.6 
gm. ammonium chloride, thrice daily. 
All of their 15 patients were relieved of 
marked premenstrual intoxication, but 
symptoms recurred when tlierapy was 
discontinued. Similar results with am- 
monium chloride and potassium chlo- 
ride have been reported elsewhere*®*®®. 

Israel** administered progestin pre- 
menstrually on the assumption that 
premenstrual disturbances are caused 
by a deficiency of this hormone and 
that progestin antagonizes estrogens 
and furthers their excretion. In stub- 
born cases he irradiated the pituitary 
to diminish the production of anti- 
diuretic hormone. Progestin cured 1 
patient and temporarily relieved 6. 
Four of tliese 6, and 2 additional pa- 
tients, were cured by low-dose Roent- 
gen irradiation. Puech** achieved simi- 
lar success with progestin, injecting 5.0 
mg. 3 times the first month and 6 
times the following month. 

Neutralization of estrogens with 
parenteral and oral androgens has 
been strongly advocated®. The injec- 
tion of 10 mg. of testosterone proprion- 
ate in oil, or 20 mg. of aqueous testo- 
sterone, 1 week before the period is 
reported as being effective in prevent- 
ing premenstrual intoxication'*. Oral 
methyl testosterone, however, is 
thought to be the most effective and 
convenient androgenic agent for this 
purpose*®. A daily dosage of 10 mg. 
for 7 to 10 days before menstruation 
is recommended. Androgens are rela- 


tively expensive and occasionally pro- 
duce disturbing side-effects, such as 
nausea, delayed menstruation, and 
almost nymphomanic stimulation of 
erotic hunger. They should be em- 
ployed, we feel, only in severe cases 
not responding to other safer and 
simpler therapeutic measures. 

Albeaux-Fernet and Loublie* rely 
almost exclusively upon hormonal ther- 
apy. They reserve estradiol, which 
usually aggravates premenstrual symp- 
toms, for those rare individuals with 
an estrogen deficiency proven by en- 
dometrial biopsy. In their experience, 
progesterone and testosterone usually 
prevent the development of the symp- 
toms of the intoxication; hormone- 
resistant cases are reported to have 
responded favorably to weak dia- 
thermy applied over the breasts, ovar- 
ies, and pituitary. 

The choice of therapy for an indi- 
vidual suffering from premenstrual 
intoxication is effected by the particu- 
lar etiologic factors involved, the in- 
tensity of distressing symptoms, and 
the general health of the patient. 
Treatoent should be effective, innocu- 
ous, simple, inexpensive, and free from 
disturbing side-effects. Certainly the 
simplest and most economical meas- 
ures should be applied first. Of the 
therapeutic methods advocated, psy- 
chotherapy, dixuetic medication, Roent- 
gen irradiation and diathermy, and 
androgen or progesterone therapy, the 
first 2 approaches excel in simplicity 
and safety. 

Present Study. The present study 
concerns 67 white women who experi- 
enced moderate to severe discomfort . 
during the premenstrual phase of their 
menstrual cycle. Their ages range from 
16 to 50 years, the average being 31 
years. No case involving a major phy- 
chiatric disorder or endocrinopathy is 
included. 

Fourteen (21^) of the subjects con- 
formed to the characteristic migraine 
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physique^®. Twelve of this number re- 
ported actual migraine headaches, and 
9 regularly experienced severe pre- 
menstrual cephalalgia. The migraine 
constitution^® may be identified readily 
by the following characteristics: 1, 
Physical: Very fine, delicate, straight 
hair, usually brunette; fine, transparent; 
child-like skin; unduly large pupils 
which, however, react to light and 
accommodation; classical, finely molded 
features, with narrow nostrils; cold, 
moist extremities;' and, 2, Physiologi- 
cal; Decided vasomotor instability; 
markedly lowered resistance to fa- 
tigue; distinctly increased thermosta- 
bility; and relative freedom from acute 
infections. 

A moderately severe anemia (hemo- 
globin under 11.0 gm. %) was detected 
in 34 (51%) of tlie women in this study. 
Correction of anemia by appropriate 
therapy witli orally administered iron, 
liver extract, and vitamins universally 
failed in relieving tlie premenstrual 
intoxication. Similarly, alleviation of 
intoxication did not affect an associ- 
ated anemia. Simultaneous treatment 
of bodi disorders yielded good clini- 
cal results. Considering the role of the 
liver in both hematopoiesis and estro- 
qen catabolism, it is possible that a 
hepatic defect is partially responsible 
for die hyperestrogenemia of some 
cases of premenstrual intoxication. It 
is likewise possible that hyperestro- 
genemia places an unusual burden 
, upon die liver, and by depressing its 

TABLE 1. FREQUENCY OF SYMPTOMS 

IN PREMENSTRUAL INTOXICATION 

Incidence 


S>’mploin % 

Emotional irritability 68 

Breast engorgement 65 

Headache 50 

Backache 47 

Depression 36 

Thigh ache 29 

Bloating g 

Weight gain 3 

Swelling of knees 1 


hematopoietic activity contributes to 
die genesis of the anemia. 

Symptoms appeared from 4 to 10 
days before the menses. They included 
depression, irritability, cephalalgia, en- 
gorgement of the breasts, bloating, 
nausea and vomiting, backache, and 
aching in the thighs. On the average, 
only S of these symptoms were elicited, 
but in some severe cases all of diem 
occurred. The relative frequency of 
individual symptoms is indicated in 
Table 1. 

In every case therapy consisted of 
the administration of an acid diuretic, 
enteric coated ammonium nitrate, for 
10 days ante menses. The prescribed 
dosage was 1.0 gm. 3 times a day. This 
intermittency of administration signifi- 
candy enhanced the diuretic effect^. 
Dietary restrictions were not imposed. 
Additional medication was withheld, 
except for antianemic nutritional sup- 
plementation when indicated, so that 
the clinical results could be better 
evaluated. Whenever ammonium nitrate 
therapy failed after several months’ 
trial, alternative measures were em- 
ployed. 

Sixty-one (91%) of the 67 patients 
responded dramatically to ammonium 
nitrate therapy. Some symptomatic re- 
lief was usually noticed during the first 
month of treatment, but frequently the 
maximum benefits were not observed 
until the second or third month of 
therapy. In the vast majority of cases, 
premenstrual intoxication completely 
disappeared, but it tended to recur ff 
treatment were discontinued. No par- 
ticular symptom responded more rap- 
idly or more completely than the 
odiers. There were 6 therapeutic fail- 
ures, 2 of whom were aided by psy- 
chotherapy, 1 by psychotherapy with 
estrogen admioistration, and 1 by sex 
education. Two patients did not return 
for alternative treatment. 

Illustrative Cases. Case 1 . Mrs. A. L., a 
23 year old housewife, complained princapaliy 
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of premenstrual hemicranic headache, pre- 
ceded and accompanied by nausea and ver- 
tigo. There was no history of prodromal 
scotomata. Mental depression and painful 
engorgement of tire breasts developed 5 days 
before tlie onset of each menstrual period. 
Physical e.\amination revealed a typical 
migraine physique^o, a chronic rhinitis, and 
congenital absence of the right arm. The 
erytlurocyte count was 2.32 million and tlie 
hemoglobin 62%. Enteric coated ammonium 
nitrate, 1.0 gm. 3 times daily for 10 days 
ante-menses, and oral hematinics were pre- 
scribed. All premenstrual discomfort, includ- 
ing the migraine, was resolved, and die 
hemoglobin rose to 92% within 3 mondis. 

Case 2. Mrs. E. W., aged 33, had suffered 
from migraine since childhood. After the 
menarche attacks tended to occur premen- 
strually, and fatigue apparendy acted as a 
trigger mechanism. The patient’s amvieties 
centered about her husband, from whom she 
was separated, and a young son whom she 
was struggling to support. There was no his- 
tor}' of mental disease, gynecological disorder, 
or endocrinopadiy. Physical e-Kamination dis- 
closed the characteristic migraine constitution 
but was odierwise negative; laboratory stud- 
ies were widiin normal limits. 

The hemicranic cephalagia was accom- 
panied by nausea and vomiting, photophobia, 
and a sense of cranial constriction. Symptoms 
usually persisted for several days and occa- 
sionally necessitated hospitalization. Ergo- 
trate and barbiturates apparendy hastened 
recovery. Obserwation of this patient for a 
period of several months indicated that her 
migraine developed only premenstrually. 
Ammonium nitrate therapy was therefore 
instituted. Her t)'pical unilateral headache 
did not occur during the first month of 
treatment. Medication was omitted dming 
the follmving 2 months, and her symptoms 
returned. Resumption of tiierapy and its 
continuance have provided complete relief, 
which has continued for about 8 months to 
date. 

Case 3. Miss M. P., aged 25, was seen 
initially on September 9, 1948. Her principal 
complaint was periodic swelling of the knees 
sufBciendy severe to prevent her from work- 
ing or performing household tasks. This con- 
didon had first developed at age 17, coin- 
ciding wth the menarche. Pain, stiffness, and 
swelling of the right knee occurred 5 days 
ante menses and subsided completely by the 
third day following the onset of menstruation. 
Since June, 1948, the left knee had also been 
involved. Other premenstrual symptoms 
included fatimie. irritability, depression, 
backache, and bloating. 


Physical e.Kamination revealed marked 
swelling, tenderness, and stiffness of the right 
knee, but no evidence of inflammation. The 
patellar bursae were fluctuant. The left knee 
was slightly swollen but otherwise apparently 
normal. Roentgenological studies demon- 
strated no osseous abnormalities. The 
patient’s temperature was 98.6° F. and her 
sedimentation rate 2 mm. per hour; analyses 
of blood and urine were entirely udthin nor- 
mal limits. The tentative diagnosis was pre- 
menstrual into.vication manifested principally 
by intermittent hydarthrosis. Ammonium 
nitrate tiierapy was started, and during the 
ensuing tliree montlis premenstrual signs and 
sj’mptoms have become progressively less 
severe. Both knees continue to swell sh'ghtly 
immediately before the period, but tliis no 
longer interferes witli her work. At the pres- 
ent . time it is impossible to predict how 
permanent or complete her recovery will be. 

Summaiy. The syndrome of pre- 
menstrual intoxication has been de- 
scribed and various theories regarding 
its etiology hat'e been discussed. Past 
and current tlierapeutic methods have 
been evaluated. A series of 67 cases 
treated with enteric coated ammonium 
nitrate, 1.0 gm. 3 times a day for 
approximately 10 days premenstrually, 
has been presented. SLXt)'-one (91%) of 
tlie patients included in this study 
responded M'ith dramatic improve- 
ment, and almost complete prophylac- 
tic control of their sjonptoms. Improve- 
ment was noticeable during the first 
month of therapy and usually reached 
a ma.ximum after 2 or 3 mondis. Symp- 
toms tended to recur upon discon- 
tinuance of therapy. The diuretic ther- 
apy was much less effective if applied 
after the onset of symptoms of intoxi- 
cation, as observed in those patients 
who were too forgetful to start their 
medication in advance of each recur- 
rent episode. In those instances where 
menstruation was irregular, adminis- 
tration of the ammonium nitrate was 
prescribed to start 10 days before the 
expected date of the next period as- 
suming the shortest cycle for the par- 
ticular patient, and then continued 
until menstruation actually started. 
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ThuSj the duration of actual adminis- 
tration might var)^ from 8 or 9 to as 
much as 25 days. A liberal fluid Intake, 
to enhance diuresis, was always en- 
couraged. Many of these patients had 
previously consumed very little water 
habitually. 

It is believed tliat premenstrual in- 
toxication, witli its attendant edema 
and retention of sodium chloride and 
toxic materials is engendered by either 
some cyclic appearing metabolic toxins 
such as the menotoxin of Macht, or a 
transient hj'perestrogenemia or both. 
The high frequency of coincident nu- 
tritional anemia and migraine is sug- 


gestive of some underl}>ing constitu- 
tional factor as yet not clearly oriented. 
The remarkable prophylactic abate- 
ment of symptoms, including die psy- 
chic aberrations, by safe and simple 
diuresis induced by tire acid diuretic 
salt, ammonium nitrate, is strongly 
supportive of the concept that the 
basic factor in this s^nnptom complex 
is an intoxication. The nitrate ratlier 
tlian the chloride salt of ammonium 
is employed because of its greater 
diuretic eflBciency, and the avoidance 
of increasing the chloride content of 
the tissues^^. 
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HyPERPARATHyROEDisM is practically 
always thought to be a chronic disease. 
This misconception ma}^ be e.\cused 
perhaps because Ave still know ver\' 
little about the “newest” of the endo- 
crine glands. They were first differen- 
tiated as non'th\Toid tissue only 70 
rears ago”"; the &st successful removal 
of an adenoma uith improi ement of 
a patient s^ith osteitis fibrosa cvstica 
occurred only 2-3 i^ears ago^®; and the 
name “hi-perparathiToidism” itself is 
onlv 20 rears old^^. 

At first it was considered as pri- 
marily a disease of bone. Later the 
high incidence of renal stones was 
noted- and only recently hare the 
clinical features of neuromuscular and 
digestive disturbances been empha- 
sized- The usual duration before recog- 
nition is perhaps 3 to 20 years or 
more. 

But h\’perparath^Toidism can also 
be an acute and often fatal disease. 
In this respect it resembles its ne.rt- 
door neighbor, the th\Toid gland, and 
perhaps the not-so-euphom'ous word 
“parathiTOto.ticosis” is appropriate. 

Only a few cases of acute para- 
thormone intoxication have been de- 
scribed- but their signs and swnptoms 
are rather characteristic, and it is the 
purpose of this paper to describe the 
short and severe simdrome of para- 
th\Toid "intoxication”. 

E.xperimext.al P-ARATHORMOXE 
0\'ERDOS.AGE. Experimental parath}Toid 


poisoning produces another distinctive 
picture. CoUip® injected his prepara- 
tion of parathormone into dogs and 
produced vomiting, diarrhea, and 
marked muscular atony. The serum 
calcium levels rose to about 20 mg. 
per 100 cc. but fell somewhat, tennin- 
allv. The serum phosphorus and non- 
protein nitrogen rose shortly before 
death. There was marked dehydration 
and hemoconcentration. 

Post-mortem studies, in this and 
other reports', revealed an increased 
calcium content in the kidney, gastric 
mucosa, myocardium and lungs. .A.t 
times a hemorrhagic gastritis was 
found. Hueperi® emphasized the fre- 
auencv and e.xtent of intravascular 
thromboses. Some of the other fea- 
tures which were often noted were 
fever, bradycardia, terminal acidosis 
(unless there was excessive vomiting), 
and decalcification of bone wuth a 
hirner^mic marrow. 

The definitive work of Cantarow. 
Stewart and Housel® firmlv established 
the pathological changes in dogs fol- 
lowing administration of parathiToid 
extract. Short term experiments, 72 
hours, again showed the widespread 
calcification already described. But, if 
amihing, there w^as an inverse relation 
between the extent of the damage and 
the serum calcium and protein levels. 
These authors beh'eve that the degen- 
erative changes w^ere due to a direct 
to.xic effect of the e.xcess hormone. 
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Shelling^® showed that the most 
conspicuous effects of parathyroid 
extract administration is die loss of 
water and electrolytes. The terminal 
results of dehydration, hypocHoremia, 
hyperphosphatemia, retention of nitro- 
genous products, anuria, uremia and 
death being those of salt and water 
imbalance. He believes that the entire 
symptomatology of “parathyroid poi- 
soning” except for the hypercalcemia 
can be produced by forced diuresis, 
and he suggests that the infrequency 
of these symptoms in patients with 
hyperfunctioning parathyroids may be 
explained by their unrestricted intake 
of food, salt and water. 

Published Cases. There is a strik- 
ing similarity between these experi- 
mental findings and certain clinical 
reports. 

Oliver^® reported 2 cases of fatal 
acute hyperparathyroidism. Both were 
women in the sixth decade of life. Both 
had anorexia, vomiting, constipation, 
weakness and lassitude, with increas- 
ing drowsiness, a slight fever, tachy- 
cardia, dehydration and both termin- 
ally showed impaired renal function 
widiout hypertension. Post-mortem 
calcium determinations were 17.4 and 
19.6 mg. per 100 cc. Both had marked 
nitrogen retention in the blood. Fur- 
thermore, both patients were found to 
have a chief cell adenoma of the para- 
th)u'oid gland on autopsy. Severe tubu- 
lar necrosis and moderate glomerular 
necrosis was found. Calcium was 
deposited in varying intensity in the 
myocardium, the internal elastic 
laminae of the coronary arteries, the 
renal tubules and glomeruli, the lungs, 
stomach wall and in the blood vessels 
generally. No organs, in either case, 
were said to show enough abnormality 
to have caused death. 

Similar patients have been described 
by Smidi and Cooke=^ Hanes^ Mell- 
gren”^, Arnold-, Herzenberg'*, Mo- 
relle“, and Young and Halbert®=. Vom- 


iting, constipation, and marked weak- 
ness and lassitude were common to 
all. Epigastric or generalized abdomi- 
nal pain and tachycardia were usually 
noted. Hypercalcemia and nitrogen 
retention were present in all pa- 
tients in which such determinations 
were made. In one^^, the serum 
phosphorus was 4.8 mg. per 100 cc., 
in another^^, 1.8 mg. (This latter 
report resembles our Case 1). An 
adenoma of the chief cell variety was 
found in all but 2; one of the latter^^ 
showed a “cystic and partly calcified 
and necrotic tumor”, the other^^ was 
reported as being composed of ioas- 
serhelle cells. 

Widespread calcinosis was found; in 
all of these cases the kidney suffered 
especially, tubular necrosis as well as 
glomerular damage being common. 
Interstitial calcification was present in 
the myocardium of 6 of the 10 patients 
and to a lesser extent in the lungs, 
stomach and liver, while evidence of 
osteitis fibrosa cystica was noted in 4 
of these reports. 

Rogers^®’^® reported 3 instances of 
acute primary hyperparathyroidism 
associated with duodenal ulcer. Treat- 
ment by diet and alkali seemed to 
aggravate the symptoms of vomiting 
and epigastric pain. Terminally azo- 
temia and lethargy were prominent. 
No calcium or phosphorus determina- 
tions were made as the diagnosis was 
not suspected ante-mortem. Primary 
hj'pertrophy and hyperplasia of the 
parathyroid was noted in two. Nephro- 
calcinosis and generalized metastatic 
calcification was found. 

Other cases also had a duodenal 
ulcer-like clinical picture, i.e., a 
patient with a history of “peptic ulcer” 
but no free hydrochloric acid®; a case 
with healed duodenal ulcer on au- 
topsy^®; a patient who had healed 
gastric ulcer on Roentgen-ray but 
achlorhydria and made worse by ulcer 
therapy!®; a patient with low gastric 
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acidity epigastric pain and vomiting 
with return of free hydrochloric acid 
after parathyroidectomy-". 

Of the 5 cases herein reported, Case 
4 had a deformed duodenal bulb widi 
signs and s}Tnptoms of duodenal ulcer; 
all had had gastrointestinal symptoms. 

Acute hyperparathyroidism has re- 
cently been described in association 
with carcinoma of the gland^^. The 
symptoms here too were persistent 
nausea and vomiting. Marked hyper- 
calcemia but essentially normophos- 
phatemia was present. There was 
impaired renal function and moderate 
azotemia; no casts were seen in the 
urine. The authors felt that the cause 
of death in this case could not be 
ascribed to renal damage or excessive 
loss of base. At any rate, tliey made the 
interesting suggestion that hypercal- 
cemia may have iocreased cardiac mus- 
cle irritability, to the point of ventricu- 
lar fibrillation, and that administration 
of large amounts of sodium ( to combat 
acidosis) may have led to a washing 
out of potassium thereby removing an 
inhibitor of cardiac irritability. 

Case Keports. Case 1. J. K. Simple Primary 
Hyperparathyroidism, acute clinical course. A 
30 year old colored man was admitted to the 
medical service of Dr. D. N. Kremer at the 
Pliiladelphia General Hospital on September 
27, 1947, for a pain in the abdomen which 
began for the first time on tlie day of admis- 
sion. He had been previously completely well 
and had never seen a doctor before this 
episode. The sharp, brief pain originated in 
the umbilicus and radiated to the left costo- 
vertebral angle. Shortly afterward, he began 
to vomit and was brought unconscious to the 
hospital. 

On examination he was a well developed 
intelligent man not visibly ill. His blood pres- 
sure was 112/70 mm. Hg., pulse 76. The 
teeth were in e.vcellent condition. No physical 
abnormalities at all were noted. He suffered 
a recurrence of the severe periumbilical pain 
and vomiting on the second and fourth hos- 
pital day. He also began to complain of weak- 
ness, fatigue and anorexia. The following 
laboratory e.xaminations were witliin normal 
limits; urine analysis, blood sugar, urea, 
albumin, globulin, white blood cell cmmt. 


bilirubin, sickle cell preparation, cholesterol 
and spinal fluid, Bence-Jones protein, intra- 
venous urogram and red cell fragility. The 
blood Kline test was 3-{-, 64 Kahn units. 

On October 24, 1947, he accidentally fell 
on tlie ward and sustained an avulsion frac- 
ture of the patella with hemarthrosis. In addi- 
tion to anemia, he was found to have 
hypercalcemia (17.5 mg. per 100 cc.) and 
hypophosphatemia (1.8 mg.) but no hyper- 
calcuria was present. Roentgen studies of the 
skeleton revealed increased sclerosis and tra- 
beculation. 

On November 24, 1947, 2 small parathy- 
roid glands about 1 cm. in diameter were 
found and removed. Histologically, it was 
described (Dr. Wm. Ehrich) as a grey-pink 
well-encapsulated adenoma (6x5x3 mm.) 
showing no “clear” cells, or mitotic figures. 
Biopsy of tlie ilium revealed osteitis fibrosa 
cystica. 

The serum calcium level had not fallen 
as late as the 18th postoperative day, nor 
had the serum phosphorus risen to nonnal 
levels. The Sulkowitch test was strongly posi- 
tive 12 days after operation, showing that 
unfortunately the metabolic disorder was not 
relieved. 

Case Summary. A young man, previously 
entirely asymptomatic, suddenly developed 
severe abdominal pain and vomiting, followed 
by weakness and lethargy. Following a frac- 
ture on the ward, he was found to have 
hj'perparatlijToidism, with osteitis fibrosa 
cystica. Removal of a small adenoma caused 
no change in electrolyte pattern. 

The extremely rapid onset of symptoms 
suggest that his calcium level may have sud- 
denly reached “to.xic” levels, because from 
tlie bone changes the disease must have been 
present for some time. 

Case 2. F. K. Severe renal insufficiency, 
with "acute" secondary hyperparathyroidism, 
"renal rickets". A 34 year old white woman 
first entered the medical clinic of tlie Phila- 
delphia General Hospital on March 25, 1946, 
for amenorrhea and bilateral ankle edema. 
E.xamination revealed moderate cardiac en- 
largement xvith an apical systolic murmur 
and a moderate degree of pitting edema and 
tenderness of the legs. The refle.xes were 
hyperactive. Roentgen-ray examination of tlie 
heart and lungs, an electrocardiogram and 
basal metabolism test were normal as were 
the blood sugar, serologic test and serum 
albumin and globulin. She was profoundly 
anemic. The urine revealed a 3-b albumin 
reaction xvith a specific gravity of 1.007 and 
the blood urea nitrogen was 155 mg. per 
100 cc. 

She was admitted to tlie hospital (Service 
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of Dr. D. N. Kremer) on April 15, 1946, 
with tlirombophlebitis of both legs. The past 
history was irrelevant. 

She appeared moderately dehydrated but 
otherwise normal. The blood pressure was 
138/88 mm. Hg., and a sinus tachycardia was 
present. 

Laboratory examinations revealed a persist- 
ent moderate albuminuria (3.2 grn. per liter 
in one determination) and a maximum spe- 
cific gravity of 1,008 ( 1,005 on a Fishberg 
concentration test). In spite of this, no red 
cells or casts were seen. A 12 hour Addis 
count revealed a specific gravity of 1.004 and 
the leukocytes were too low to count. She 
was found to have azotemia (blood urea 
nitrogen of from 40 to 240 mg. per 100 cc.). 


The patient was discharged June 4, 1946, 
only to return 20 days later because of per- 
sistent vomiting, diarrhea and melena, and 
diffuse abdominal pain. She was tliin, pale 
and listless. Her face appeared puffy and 
tliere was moderate ankle edema. The blood 
pressure was within normal limits, and a 
long rough systolic murmur was heard at the 
apex. The abdomen was normal. She received 
parenteral fluids without much change in her 
condition until July 4, 1946, when again she 
had severe abdominal postprandial pain. She 
became restless in spite of morphine and in 
her struggling fractured her left radius and 
ulna. Roentgen-ray films of the fractured arm 
revealed marked calcification of blood vessels. 
Until she died 4 da 3 's later, her abdomen was 



acidosis (CO 2 from 8.6 to 20.3 [usuallj' 9 
to 12] m. eq. per liter), h}q}ochloremia 
(chloride 92,8 to 100 [usually about 94] m. 
eq. per liter), and h)'perphosphatemia (8.4 
mg. %). The blood uric acid was 6.0 mg. 

The determination for sugar, albumin, glo- 
bulin, cholesterol, Bence-Jones protein and 
urine culture were normal. AclJorhydria after 
histamine was found. An ophthalomological 
consultant reported drat 3 or 4 small flame- 
shaped hemorrhages were seen but no e,\-u- 
dates or other abnormalities. “The fundus 
changes could probably be secondary to the 
severe anemia.” 


markedly distended and extremely tender and 
rigid. 

Laboratory findings included extreme 
anenu’a (hemoglobin between 2.8 and 3.1 gm. 
per 100 cc.) acidosis (COg from 15.8 to 
S.6 m. eq. per liter terminally) with no 
hyperpnea ohsen'ed, and uremia (urea nitro- 
gen from 90 to 208 mg. per 100 cc. ter- 
minalty). The plasma proteins were normal. 
Just before death tire serum calcium was 6.4 
mg. and tire serum phosphorus 11.3 mg. In 
the urine no casts or red cells were seen, 
altliough she had a moderate albuminuria. 

Autopsy. Gross (pertinent findings only). 
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Aorta: mild calcification of lower abdominal 
portion; heart: calcification of myocardium 
(Fig. 1) coronary vessels and endocardial 
surface of left auricle, calcific deposits of 
mitral valve; calcification of tongue arteries 
(Fig. 2); spleen: calcified infarction, calci- 
fication of vessels entering liilus, bilateral 
pyelonephritis with scarring and atrophy of 
left kidney, calcification; multiple jejunal 
infarcts with necrosis and gas bacillus infec- 
tion; acute parenchymatous degeneration of 
liver. Hyperplasia of parathyroid. 


to prolonged renal insuflSciency with acidosis 
and secondary hyperparathyroidism. The lat- 
ter condition probably e.visted in an acute 
severe form. 

In another hospital, 3 cases were observed 
which may be considered as modified varia- 
tions of the syndrome. 

Case 3. F. Z. K. Parathyroid adenoma. 
Renal insufficiency secondary to hyperpara- 
thyroidism. This patient was 44 years old at 
the time of his first admission to the hospital in 
1935. Four years before admission he devel- 



Fig. 2. Calcification of arteries of tongue (Case 2.) 


Microscopic. Heart: patches of interstitial 
calcification (Fig. 1), metastatic calcification 
of arteries; kidney: old glomerulonephritis 
and pyelonephritis and interstitial calcification; 
fattj' dystrophy and autolysis of liver; difliuse 
peritonitis; hyperplasia of parathyroids; brain: 
multiple areas of necrobiosis, chronic passive 
congestion, no calcification. 

C.ASE StJMArAny. A case of adult “renal 
rickets (?)” in which chronic nephritis led 


oped severe pain in both sacral-iliac regions, 
together \vith epigastric pain and frequent 
vomiting. Three years later severe cramps in 
both calves and later in the abdominal and 
arm muscles were noted. Eight months before 
this admission all symptoms became marked. 

Physical e-vamination revealed an acutely 
ill, prostrated white man. No glands were 
palpable in the neck. There was moderate 
thickening of the peripheral vessels, occa- 
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regimen on December 15, 1940. Tliree days 
later the epigastric distress was somewhat 
relieved. On December 24th he rather 
quickly became disoriented, incoherent, weak 
and mentally dull. His blood pressmre was 
100/70 mm. Hg. He soon developed Cheyne- 
Stokes respirations and became stuporous. 
The clinical impression was an acute alkalosis, 
perhaps due to the milk and alkali intake. In 
spite of attempts to improve his electrol 3 ^e 
disturbance, he died on December 27th. 

Blood chemical determinations on tlie day 
of death were as follows: NPN 108 mg. per 
100 cc., chloride 83 m. eq. per liter, CO, 
combining power 80.5 and later 106 vol. %. 
Sodium 138.5 and potassium 5.0 m. eq. per 
liter. The total protein was 6.76 gm. with 
an albumin of 2.77 gm. Calcium 16.5 and 
phosphorus 9.9 mg. In short, h 3 q)ercalcemia 
plus hyperphosphatemia, hypochloremia, alka- 
losis, retention of nitrogen and reduction in 
sodium were present. 

Autopsy. 1. Sarcoidosis 2. Bilateral renal 
calculi 3. Calcium deposits in renal tubules 4. 
Tuberculosis of avillary nodes with sinus 
tract. The parathyroids were slightly enlarged 
but normal microscopically. 

Case Summary. A 34 year old man witli 
widespread sarcoidosis suddenly developed 
acute alkalosis while on a Sippy diet. There 
was evidence of acute renal insufficiency with 
retention of nitrogenous products. Terminally, 
he had hypercalcemia with hyperphospha- 
temia. The parathyroids were enlarged. 
Microscopic study of the kidneys revealed 
calcification of the tubules, many of which 
were apparently occluded by the calcified 
material. There was also marked cloudy 
swelling with large colloid droplets in con- 
voluted tubules. The relation of alkalosis and 
renal calcification is discussed below. 

Case 5. M. L. Acute hyperparathyroidism 
secondary to glomerulonephritis. This 24 year 
old white man complained of headache and 
pains in tlie back when admitted in Decem- 
ber, 1930. About 9 months before admission 
he developed noctmria and polyuria, but no 
dysuria or hematuria. Severe frontal and 
occipital headaches were present for 4 
months, and severe vomiting, weakness and 
anore.-da soon followed. 

Physical e.vamination revealed a pale, thin 
young man. The blood pressure was 145/75 
on admission and never rose above this 
figure. In spite of a PSP e.xcretion of O, a 
NPN of 186 mg. per 100 cc., a marked 
albuminuria and iked specific gravity of the 
urine, there were no casts, a rare red and 
white blood cell in the centrifuged urine 
specimen, and no exudates or hemorrhages 
in the eyegrounds. This was a most unex- 
pected finding. 


His course in the hospital was progressive 
and downhill. His anemia became worse, the 
NPN rose to 312 mg. Creatinine was 13.2 
rag., the COg combim'ng power varied from 
25 to 35 vol. %. His symptoms were nausea, 
"hurning” in the stomach, anorexia, epistaxis 
and gradually intractable vomiting. He 
excreted over 2 gm. of albumin per liter of 
urine, and only very rare red cells and 
casts. Fifteen urine examinations always 
showed a neutral or acid reaction. There was 
no hyperpnea with a COg around 25 vol. %. 
Terminally the serum calcium was found to 
be 11 mg., the uric acid was 11.6 mg. and 
sodium chloride was 414 mg. 

Autopsy. 1. Bilateral parathyroid tumor 
nodules. 2. Extensive calcification of alveolar 
walls, bronchioles and venules of the lungs. 
3. Extreme chronic nepluitis with calcification 
of the tubules. 4. Lobular pneumonia. There 
was practically no arteriosclerosis. 

Both kidneys together weighed 80 gm., 
were pale and finely granular. There was 
practically no cortex seen. The changes in 
the vessels of tlie kidneys were fairly marked 
but e.\tremelv irregular in e.xtent and char- 
acter, and it is difficult to find hyaline 
arterioles which might account well for the 
glomerular changes, there were hyalinization 
and tlxickening of the capsules.” The vertebral 
bones were rarified and numerous large 
osteoclasts were present. No calcification was 
found in the stomach. The skuU was not 
e.xamined. In the parathyroid tissue no fat 
was seen. The cliief cell was predominant but 
some cells were clear and tended toward the 
“’wasserhelle” variety. 

Case Summary. A young man developed 
progressive and e.xtreme renal insufficiency 
and died in uremia. Gastrointestinal symp- 
toms were prominent. The e.xpected urinar)' 
and retinal findings were conspicuously ab- 
sent. On autopsy he was found to have 
enlarged parathyroid glands and e.xtensive 
calcification of lung and kidney. This is re- 
garded as a prob ible case of secondary hj'per- 
parathyroidism, but with acute manifestations. 


Discussion. Clinical Picture of Para- 
thyrotoxicosis: From the existing liter- 
ature we can construct a “classical” 
case of acute hyperparathyroidism. A 
middle-aged man or woman who may 
have had a previous history of gastro- 
intestinal disturbances rather quickly 
develops epigastric pains, persistent 
vomiting and constipation. Weakness 
and apathy are marked. Weight loss 
is present if the symptoms last long 
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enough. Probably the clinical impres- 
sion whi be that of a duodenal ulcer, 
but even diough a duodenal defoimity 
may be present, achlorhydria is as 
likely to be present as not. In spite, 
or perhaps because, of an ulcer 
regimen, the course is progressive. 
Terminal fever and azotemia occur. 
The blood pressure often ranges from 
upper normal to frank hypertension. 
A moderate albummuria usually with 
few, if any, casts or red cells will be 
found. The serum calcium will be 
markedly elevated in the primary 
type, but the serum inorganic phos- 
phorus may be normal or elev'^ated. 
Roentgen-ray examination of the kid- 
neys may show a diflFuse mottled cal- 
cification, On autopsy there are likely 
to be calcium deposits in the renal 
tubules ( nephrocalcinosis ) as weU as 
in the gastric mucosa, alveolar tissue, 
myocardium and elsewhere. Fre- 
quently an adenoma of the paratliyroid 
gland is found, but otlier cases may 
show a diffuse hyperplasia (both pri- 
mary and secondary varieties). 

These signs and symptoms may be 
due to hypercalcemia per se. (Case 
F. K., of course, had hypocalcemia 
and hyperphosphatemia). Hypervita- 
minosis D widi hypercalcemia may 
also lead to nausea, vomiting, anorexia, 
epigastric pain, weakness and constipa- 
tion. Gutman ef alP^ drew attention to 
the occasional predominance of gastro- 
intestinal symptoms in hyperpara- 
thyroidism and ascribed diem to the 
“toxic” manifestation of the hormone. 
However, Shelling*®, as was men- 
tioned, has ascribed die symptomatol- 
ogy to the marked loss of water and 
electrol}i:es which often occurs. 

Clinically, when gastrointestinal 
symptoms predominate, the diagnosis 


may be suspected when a patient 
widi a “duodenal ulcer” shows intrac- 
table vomiting in die absence of 
pylorospasm or gasMc retention, when 
die vomiting and epigastric pain is 
aggravated by a liigh calcium, high 
phosphorus and, or, alkali intake (the 
basis of our commonly used ulcer 
treatments), when there is marked 
muscle weakness and lediargy, and 
when there is terminal uremia widi 
polyuria and polydipsia. The presence 
of hypercalcemia and azotemia widi- 
out acidosis is strongly suggestive of 
acute hyperparadiyroidism. A review 
of die reported cases shows 2 outstand- 
ing clues to this disease: the presence 
of an atypical “duodenal ulcer”, and 
uremia without casts or marked 
acidosis. 

It is difficult to assay the role of the 
calcium-phosphorus intake in acute 
paradiyroid intoxication. About half 
the cases in the literature received a 
high milk diet for their gastric symp- 
toms, and a number presumably 
received also, alkali which (as wall 
be showm ) may be an important factor 
in renal calcinosis. It can be theor- 
etically assumed diat when there is a 
sudden excessive outpouring of para- 
thyroid hormone with a calcium 
diuresis, and an excess amount of 
calcium is given, there is further 
pol)airia, dehydration and electrolyte 
loss (Shelling). If alkali is added, there 
is a greater likelihood of precipitation 
of calcium in the renal tubules. Both 
phenomena may lead to nitrogen reten- 
tion and renal insuflSciency. The 
amount of phosphorus in the blood 
rises, as it does in uremia from any 
cause, and we find the curious picture 
of an elevated calcium and phos- 
phorus.* 


submitted for publication, Burnett, Commons, Albright and Howard 
(Isew England J. Med., 240 , 787 . 1949 ) described 6 patients with a peptic^ulcer syndrome 
who received excessive milk and alkali for years. H^ercalcemia wAout hypercaSSa or 
In'pophosphatemia, renal msufBciency, alkalosis and calcinosis were found ^Thev did not 
believe this picture was due to p^a^^ h)Terparath>noidism, and ascribed the fbdinss to- 
> , excessue milk and alkah mtake; b, kidney damage; and c, hj-percalcemia. ® 
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Ellsworth and Futcher® showed that 
in nephrectomized dogs, injection of 
parathyroid extract causes h}^er- 
calcemia witliout a fall in organic 
phosphorus, or even a slight rise, and 
Goadby and Stacey-® found that in 
patients until renal insuflBciency, para- 
thyroid extract fails to produce the 
“phosphate diuresis” found in normals. 
Thus, it might seem that renal insufiS- 
ciency is the prerequisite for the devel- 
opment of the hyperphosphatemia 
found when hyperparathyroidism is 
associated with renal disease. 


and alkali is seriously detrimental to 
the patient with acute hyperpara- 
thyroidism. 

The renal disease of primary para- 
thyrotoxicosis is most peculiar. In most 
cases in the literature, there was much 
less histological damage in the kid- 
neys tlian might be expected from 
the retention of nitrogenous products. 
Furthennore, the urine rarely shows 
more tlian a rare red or white blood 
cell and infrequent casts. Albuminuria, 
if present, is usually slight. It would 
seem that there is a minimal degree 


TABLE I.-COjMPAEISON OP ACUTE AND CHRONTC HYPERPARTHYEOIDISM 


• 

Acute 

Chronic 

Duration 

Under 1 year, often under 6 
months 

3 to SO years or more 

Serum Calcium 

Elevated 

Elevated 

Serum Phosphorus 

Normal or elevated 

Low 

Gastro intestinal 

Intractable vomiting, epi- 

Constipation, sj-mptoms 

system 

gastric pain, constipation, ncc. 
duodenal ulcer, and gastric 
mucosa calcification. 

usually slight 

Bone 

Normal, some changes in pro- 
longed cases. 

Frequent osteitis fibrosa 
cystica, generalized. 

Kidney 

Tubular calcification, uremia, 
normal or minor urine changes, 
no acidosis 

Calculi in I of cases, poly- 
uria, hiTiercalcuria, ure- 
mia rare. 

Muscular system 

IMarked lassitude, weakness, 
lethargj'. 

Hj-poreflexia frequent. 

Myocardium 

Food calcification. 

Normal 

Lungs 

Microscopic calcinosis. 

Normal 

ParathjToid glands 

Primarj' adenoma or hj’per- 
plasia secondary to remil dis- 
ease. 

Same 

Prognosis 

Poor. 

Fair, depends on early 
recognition. 


We do not know which condition 
began first in Case 3. We believe that 
renal disease was primary in Gases 
2 and 5, but there is no evidence for 
any significant preceding renal disease 
in Cases 1 and 4. Microscopic hema- 
turia and poljmria had been noted in 
Case 4 before the development of clin- 
ical hjqjerparathjTOidism, but various 
renal function tests were normal. 

From the evidence in Case 4 par- 
ticularly, and from others®®’-® it would 
seem that the administration of calcium 


of increased glomerular and tubular 
permeability, but rather a reduction 
in the clearance of urea, phosphorus 
and other substances. Curious, too, is 
the frequent absence of acidosis 
although in Case 4 the inorganic alka- 
line powders of the Sippy treatment, 
could be the explanation. 

In Table 1 we have compared the 
acute and chronic types of h}qjerpara- 
thyroidism. It appears that when cal- 
cium is withdrawn slowly from its 
body stores (chiefly bones) and 
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excreted in large amounts in the urine, 
the intake of calcium to a large extent 
determines the type of clinical picture. 
Witli a prolonged negative calcium 
balance osteoporosis and osteitis 
fibrosa may result. With a small nega- 
tive calcium balance, resulting from 
a high calcium intake, the bones are 
less porous but the hypercalcuria leads 
to renal calculi, with its complications 
and sequellae. 

These 2 major types have a gradual 
onset, prolonged course and are not 
necessarily severely disabling. This is 
in marked contrast to the rapid onset, 
short course and severe sjmptoms seen 
in the type appropriately called 
“acute”. 

There is undoubtedly a wide variety 
of forms of the acute stage, as there 
is in tlie chronic stage. We believe 
Case 1 (J.K.) represents a simple 
form of acute hyperthyroidism, whose 
symptomatic course was extremely 
brief. We believe Case 8 (F.Z.K.) had 
acute primary hyperparathyroidism, 
the course of which was aborted by 
surgery; Case 4 (I.S.) suddenly devel- 
oped the clinical picture of acute 
hyperparathyroidism and died in alka- 
losis; Cases 2 and 5 (F.K. and M.L.) 
died in uremia probably due to chronic 
glomerulo-nephritis but had the clin- 
ical and pathological evidences of 
paratliyroid intoxication and thus may 
be considered as cases of acute sec- 
ondary h}'perparathyroidism; parathy- 
roid h}q)erplasia, of course, is occa- 
sionally found with chronic renal 
disease®^. 

Histological Picture of Parathtjro- 
foxicosis: Since all the reported cases 
showed a rather widespread calcium 
deposition in tlie tissues of die body, 
particularly in the kidneys, it is neces- 
saiy^ to ei'aluate this finding as a char- 
acteristic of the s}mdrome. Hiis sub- 
iect lias been ably rewewed by 
^'’aughan, Sosman and Kinney®®. 

Padiological calcification may result 


from an abnormally high concentra- 
tion of calcium or phosphate in the 
blood with precipitation of the salt 
in the tissues, or it may result from 
local tissue damage with calcinosis in 
the presence of normal serum levels. 
The areas of predilection are areas 
where there are marked changes in 
the pH of the media or increased 
phosphatase concentration®® or, as 
Martz^® has claimed, in organs where 
acid is excreted into a cavity (lungs, 
stomach, kidney). It is suggested that 
the loss of acid leaves the intracellular 
fluids correspondingly alkaline. Cal- 
cium saturation in the presence of 
alkalosis leads to calcium precipitation. 
However, in cases of massive alkali 
therapy reported by Kirsner et alP 
calcium was deposited in the renal 
tubules although the urine was not 
acid. Hypochloremia seemed to be an 
important factor according to these 
authors. Our case of acute alkalosis 
(Case 3, I.S.) also had hypochloremia. 
It should be mentioned, however, that 
the opposite findings, nephrocalcinosis 
with hyperchloremia and acidosis, have 
been reported^’®-®’^-^. 

Whereas the renal tubules may show 
calcification from a \vide variety of 
causes (tuberculosis, mercury and sul- 
fonamide poisoning, for example), the 
picture of pathological calcification in 
the lungs, stomach, myocardium and 
elsewhere, strongly suggests an origin 
like that in animals®-’’''®’^® that have 
been given huge doses of parathyroid 
hormone. It seems logical then to 
ascribe the difiuse calcinosis seen in 
hyperparathyroidism, as in vitamin D 
poisoning, to the marked hypercalcemia 
which leads to supersaturation and 
precipitation of calcium salts. Prob- 
ably the loss of water and electrolytes, 
particularly chlorides, aggravate the 
mechanism. 

It might be argued that the his- 
tological appearance of the parathy- 
roids in Case 2 (I.S.) rules out hyper- 
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parathyroidism. There are reports in 
the literature of very little, if any, 
change in cytology of the parathy- 
roid glands in the presence of clini- 
cally obvious over-functioning of the 
gland^’^®’^®. One patient, for example, 
(A.W. ) (seen at another hospital) 
with large renal calculi and oste- 
oporosis, had a pre-operative serum 
calcium of 11.8 mg. per 100 cc. and 
phosphorus 2.3 mg. Removal of a mod- 
erately enlarged parathyroid gland, 
which was completely normal his- 
tologically, led to a rapid fall in cal- 
cium to 5.6 mg. and tetany. The serum 
inorganic phosphorus rose to somewhat 
elevated levels. "When discharged, one 
month after operation, the serum cal- 
cium was 7.1 mg., phosphorus 5.0 mg. 
One could scarcely question the diag- 
nosis of hyperparathyroidism clinically, 
and yet the gland proved to be micro- 
scopically normal in every respect. 

Summary. Five cases of the acute 
phase of hyperparathyroidism have 
been presented. Three might be 
regarded as “primary”; 1 died in the 
early stage, 1 had the gland removed 
but not until irreversible renal damage 
occurred, and the 3rd had a para- 
thyroidectomy before renal damage 
occurred. The other 2 may be taken 


to be “secondary” to advanced 
nephritis. 

The diagnosis should be kept in 
mind when one sees a patient with a 
short, relatively stormy course, of 
predominantly gastrointestinal symp- 
toms suggesting an atypical peptic 
ulcer. In addition to hypercalcemia, a 
normal or elevated phosphorus will be 
found in the primary form. Renal 
insuflSciency with terminal uremia (yet 
with insignificant microscopic find- 
ings) and little, if any, acidosis can 
develop terminally; operative removal 
of the glands may forestall the pro- 
gressive course. Calcification of lungs, 
stomach, myocardium and arteries, but 
particularly the renal tubules will be 
found at autopsy. 

Either primary or secondary hyper- 
parathyroidism may be acute in onset 
or may develop an acute exacerbation. 

The clinical and pathological picture 
closely resembles parathyroid intoxica- 
tion of the experimental animal. A 
rewew of the literature shows that this 
syndrome is a definite entity. The acute 
form of parathyroid hormone intoxica- 
tion, “parathyrotoxicosis”, should be 
recognized early because only surgical 
removal of die offending glands can 
prevent the almost inevitable tragic 
outcome. 
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NEPBRON NEPHROSIS: CARBON TETRACHLORIDE 
POISONING WITH A REPORT OF 3 CASES 

By Chables J. McGee, M.D. 

RICHLAND, WASHINGTON 
(From the Kadlec Hospital) 


Lo^^^ER nephron nephrosis is seen in 
association with renal damage follow- 
ing intravascular hemolysis due to sul- 
fonamides, quinine and other antima- 
larials, arsine, abortifacient pastes, due 
to the action of the soaps on tlie blood 
and intravenous water®, incompatible 
transfusion, diabetic coma, concealed 
hemorrhage, prolonged labor, opera- 
tions on the biliary tract, pneumonia, 
scarlet fever and diphtheria^®, black 
water fever, transurethral prostatec- 
tomy, crush syndrome, non-traumatic 
muscular ischemia, electrical injury to 
muscle, heatstroke, uretero-placental 
damage, in alkalosis from excessive 
emesis, thermal bums and volatile 
poisons, especially carbon tetrachlo- 
ride®’^®>ii''28.30.33, bleeding into the gas- 
tro-intestinal tract®, Porro cesarean^®, 
possibly also wth toluene’’-^^ and rarely 
folloiving mercurial diuretics^. 

Tlie classical description of the 
pathology of lower nephron nephrosis 
is given by Goodpastor^'^. One sees a 
large, pale, swollen kidney; on cross 
section the cortex is unde and pale. 
The disorder involves the distal portion 
of the nephron, the epitlielium of the 
thick limb of Henle’s loop and the 
distal convoluted tubules^-. There are 
focal patches of cellular degeneration 
and necrosis^*’^'^-®'^. Some lumina con- 
tain casts of a heme compound. Edema 
is present in the stroma of the kidney. 
Unfortunately for die patient in shock, 
the kidneys are part of tlie peripheral 
vascular system and, in an attempt to 
presen’e the blood supply to the brain, 
the blood supply to them is decreased®^. 
f636) 


In consequence, the duration of the 
shock or period of renal blood-flow 
shutdown is an important factor. It 
must be remembered that lower 
nephron nephrosis is a self-limited dis- 
ease which, if survival occurs, will be 
followed ultimately by complete recov- 
ery of renal function and restoration of 
renal tubular histology. The mortality 
rate, however, is high; Lucke gives it 
as approximately 90?®^. 

\^^en this condition is due to the 
inhalation of toxic fumes or the inges- 
tion of poisonous substances there may 
also be damage to the liver®®. Follow- 
ing the crush syndrome liver damage 
is also seen, with central necrosis®®. In 
association with sulfonamides tliere 
may be extremely severe and persistent 
cerebral damage®®. Luetscher and 
Blackman report 5 cases of lower 
nephron nephrosis folloudng sulfona- 
mide administration in which there 
were 3 deaths. Two patients who recov- 
ered showed only partial and very slow 
cerebral recover)^ 

With or without shock, depending on 
the etiological factor, the patient 
develops nausea, vomiting, weakness, 
malaise, sometimes pain in tlie abdo- 
men or back, and either rapidly or 
insidiously, oliguria or anuria. Follow- 
ing this there is the development of 
edema (the degree of which will 
depend on the treatment), a rising 
blood pressure, rising non-protein nitro- 
gen and acidosis, and death may inter- 
vene from either pulmonary edema or 
potassium intoxication^®’®^'®®-®®. During 
the course of the illness there mav be 
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marked nervousness and txemulousness. 
During acidosis, tetany should not 
develop^^’^®, although total calcium 
does diminish. Calcium therapy must 
be carefully watched in this disorder^®. 

The reported figures for die blood 
urea nitrogen are startling and are 
roughly proportional to the duration of 
the oliguria or anuria. Barclay and 
Cooke^ report a level of 340 mg. per 
100 cc. in their case of barbitone poi- 
soning followed by recovery. Dudley^^ 
reports a level of 302 mg. in a patient 
with carbon tetrachloride poisoning 
who had complete anuria for 10 days 
before recovery. Strauss^® reports from 
die literature proven cases of renal 
shutdown wherein 1 patient lived 5 
weeks, 2 lived 6 and 3 lived 7 weeks, 
and in 5 of these at autopsy there 
was no possibility of the formation of 
urine. The height of the non-protein 
nitrogen or die blood urea nitrogen 
will also depend to a certain degree on 
the therapy. If the patient is placed on 
a very restricted intake of fluids with a 
high carbohydrate or glucose intra- 
venous medication, this will spare 
protein breakdown. It must be remem- 
bered that 37,5 gm. of protein leads to 
the formation of 6,000 mg. of non- 
protein nitrogen^®, a mean daily rise of 
die non-protein nitrogen of 12 mg. per 
100 cc. and of sulfate, phosphate and 
potassium of 1,86, 1.66 and 0.324 milli- 
equivalents per day. Potassium rises 
more slowly because it is distributed 
diroughout all the tissues. The anion 
concentration is consistently lower than 
die cation concentration for which at 
present no apparent reason exists. In 
addition to diese chemical changes one 
must also remember diat diere is a 
definite hemorrhagic tendency as seen 
frequently in bloody fecal discharges, 
eccliymoses and purpura. 

In die treatment of diese patients it 
must be remembered that tiiey udll lose 
fluid only by evaporation and in die 
expired air, a total of about 1,000 cc. 


NEPHRON NEPHROSIS 

daily. Because of gastric irritation, oral 
feeding is precluded and very shortly 
the slight carbohydrate reserves are 
exhausted. Then nutrition depends on 
protein and fat metabolism, approxi- 
mately 70 and 200 gm. respectively 
daily, with resultant ketosis, azotemia 
and increasing potassium, sulfate and 
phosphate wastes. From the metabo- 
lism of these body stores there will be 
approximately 500 cc, of preformed 
water and water of oxidation. The 
average adult has roughly a 50 liter 
“pool” of fluid in his body in which to 
dilute diese rising waste products. 
Gamble^® points out the penalty of size 
in children when there is renal damage 
or loss of fluid. It is known that the 
larger the animal, the longer will be 
the survival period during anuria or 
oliguria; though the rate of formation 
of metabolic waste products is cor- 
related with surface area (diat is, a 
function of the total body metabolism), 
the fluid pool in which to dilute these 
products is a linear function of weight. 
It is dangerous to treat these patients 
with intravenous saline because this 
further increases die electrolytic con- 
centration within die “closed” system 
and further increases the acidosis. Glu- 
cose aids metabolism of fats by cur- 
tailing ketosis. 

The diversity of therapy for lower 
nephron nephrosis confirms the many 
faulty attempts to explain the patho- 
logical physiology and the many fail- 
ures resulting in the high mortality 
rate. These include spinal anesthesia, 
splanchnic block, diathermy to the kid- 
neys, Roentgen-ray to the kidneys, 
acetyl beta-methylcholine, irrigation of 
the kidney pelves, decapsulation, trans- 
fusion widi compatible blood or plasma 
or both, intravenous sodium sulfate, 
hjqiertonic intravenous solutions, mas- 
sive intravenous fluid therapy, peri- 
toneal lavage, dialysis by die artificial 
kidneyi'2i' and lavage of the intact gas- 
trointestinal tract-®. 
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It is quite apparent from the previous 
discussion that excessive fluid must be 
avoided in a one-way system, or pul- 
monary edema and death will result. 
The proponents of decapsulation claim 
excellent -results but it must be remem- 
bered that they claim that anuria is 
due to the edema of the kidney and 
that with decapsulation there will be a 
release of this pressure and tlierefore 
an increase in the glomerular filtration. 
However, it must also be remembered 
that diuresis which occurs in recovery 
from this condition, occurs at the 
height of the edema. If edema were 
the cause of this condition, it should 
be remembered that no edema is pres- 
ent in the kidneys when tire condition 
first begins. Talbott^^ decapsulated 1 
kidney, inserted catheters in each 
ureter, and found tliat diuresis began 
on each side simultaneously. 

Peritoneal lavage has had its advo- 
cates®’®-^®. In the early stages of peri- 
toneal lavage there is excellent removal 
of nitrogenous waste products. The 
experience of those who have used it 
indicates a decreasing dialysis of nitro- 
genous waste products proportional to 
the duration of the total lavage, peri- 
tonitis and mechanical difficulties with 
the apparatus. One must also consider 
the huge quantities of fluid passing 
through this system which may produce 
disastrous changes in the electrolytic 
and water balance. The initial enthusi- 
asm for this procedure has markedly 
abated in recent years. Bassett et al.^ 
found that though the non-protein 
nitrogen and serum inorganic phos- 
phorus increased at first in the lavage, 
nevertlieless, as the patient lost edema 
fluid, tire values for these waste prod- 
ucts in the blood rose above the pre- 
treatment level. They also noted the 
usual post mortem finding of perito- 
nitis. One is reminded of Fishberg’s 
classic statement, “treat the patient and 
not the blood chemistry”^®. 

Kolff®* and AlwalP have developed 


and brought the dialyzer to a great 
stage of efficiency. These machines are 
complicated and tricky, subject to con- 
siderable mechanical difficulties, re- 
quire a trained team and still have 
many inherent difficulties in the main- 
tenance of water and electrolyte bal- 
ance. Kolff claims good chemical results 
but not too good clinical results. 

MaluF®, through a modified triple- 
lumen Miller-Abbott tube, perfused the 
intestinal tract with a slightly hyper- 
tonic sodium sulfate solution, 30 cc. 
per minute. He claims tliat the results 
compare well with either lavage or 
dialysis, sulfate apparently replacing 
chloride to a large extent without 
observable injury. 

Considering both the water of oxida- 
tion and tlie pre-formed water resulting 
from the metabolism of the patient’s 
tissues and his daily loss, one limits the 
intake to 750 cc. of 10 or 15% intra- 
venous glucose with sufficient heparin 
to prevent clotting of tlie needle and 
thrombosis, with excessive caution to 
prevent any infiltration of the hyper- 
tonic solution in the “already hyper- 
tonic” tissues. Salt is given to replace 
the chloride lost by emesis, equal quan- 
tities of saline being used to replace the 
salt vomited. In acidosis one may 
require sodium lactate. Where potas- 
sium determinations are impossible, 
indirect evidence may be secured from 
tlie electrocardiograph, but Tarail®® 
warns that tire electrocardiograph is 
not properly a substitute for the meas- 
urement of the concentration of serum 
potassium, aldiough he finds some 
changes occur at potassium concentra- 
tions of 6.8 to 7.6 milliequivalents and 
there are consistent changes when the 
concentration of potassium is above 7.8 
milliequivalents. Tall and peaked T- 
waves occur at 6 to 8 milliequivalents 
of potassium®®, a depression of tlie S-T 
wave and a diphasic T-wave at 8 to 9 
milliequivalents, and at tliese latter 
levels conduction is delayed and inter- 
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ventricular block occurs. Ventricular 
fibrillation, flutter or arrest occur at 14 
to 16 milliequivalents-"'-”'-''-. Nadler^' 
points out that U-waves appear in the 
electrocardiograph when the potassium 
blood concentration is below normal. 

Burwell et al.^ have emphasized tliat 
tlrere are no recorded cases of deatli 
from lower nephron nephrosis if the 
patient lives 20 days. The disease is 
self-limited and the kidneys will begin 
to function of themselves. Then huge 
quantities of urine are excreted tlurough 
the kidneys witli associated loss of elec- 
trolytes, because tire tubule, though 
intact, has not regained its acquired 
faculty of selective reabsorption. In 
consequence, during this recovery 
phase when the output is tremendous 
very frequent observations of tire fluid 
output and of the blood chloride level 
must be made. Otherwise, extreme 
dehydration may result and what can 
be more serious, a marked h)q)Ochlo- 
remia. As a result of the hypochloremia 
convulsions can occur. 

Because at this time the gastrointes- 
tinal tract has not yet recovered from 
its insult, the oral use of concentrated 
sodium or other chlorides is apt to 
produce considerable distress. This is a 
furdrer reason for extreme care of die 
veins during tire period of hypertonic 
glucose administration. Burwell® has 
advocated the use of normal saline to 
replace die salt in the urine and 
because of die prolonged venous ther- 
apy necessary in diese patients has 
advised against die use of solutions 
more concentrated dian 15%, In con- 
sequence die method of treatment uill 
vary widi the individual patient and his 
“venous status”. In our Case 2 we used 
5% saline to control die blood chloride 
level during the pol>mric phase of 
recover)'. 

In reviewing the recent European 
literature on the so-called hepatorenal 
si'ndrome, one obsers'es a marked simi- 
lai'it}' to lower nephron nephrosis. 


Trier^* reports a case of hepatorenal 
syndrome which might better be clas- 
sified as lower nephron nephrosis due 
to carbon tetrachloride poisoning, in 
which, for a very short period, mild 
icterus was apparent Barclay and 
Cooke- report a similar situation fol- 
lowing the use of sodium barbitone. 

Case Reports. Case 1. Mr. age 22 

years, was admitted to Kadlec Hospital April 
1, 1948, for generalized aches and pain, 
nausea and vomiting. 

The past history revealed the usual child- 
hood diseases and influenza with hospitaliza- 
tion in 1947. The family stated that the boy 
began drinking heavily after discharge from 
die Nav)' in 1946 and tliat he was in the 
habit of going on periodic drinking sprees 
for several weeks at a time. 

The present illness dates back to March 30, 
1948, when 3 men cleaning offices used car- 
bon tetracWoride to mop tihe floor. After 15 
minutes of this the patient complained of 
headache and for the next 45 minutes walked 
in and out of the room. At the end of this 
time the 2 other men complained of headache 
and slight dizziness which disappeared soon 
after d&continuing the use of the chemical. 
When the patient started working at 4:00 
p.m, on March 30, 1948, he complained to his 
companions that he had been sick on the 
preceding day and that he did not feel well 
on reporting to work that evening. On admis- 
sion he was under the influence of alcohol and 
it was learned that he had had an extended 
alcoholic “binge” on the preceding evening. 

Physical examination showed a moderate])' 
well developed white male complaining of 
vague muscular aches and pains but not 
critically ill. The nose and pharynx were 
slightly injected and there were tender and 
slightly enlarged submaxillary nodes in the 
neck. The eyes, ears, lungs, heart, extremities 
and reflexes were not remarkable. There was 
rigidity in the right side of the abdomen and 
an enlarged liver. Extremities and reflexes 
were normal, sldn was dry. Temperature was 
99.4° F., pulse 86, respirations 20, blood pres- 
sure 120/70. 

The laboratory findings on admission 
showed hemoglobin of 14.5 gm., 4,700,000 red 
blood cells, 16,150 white blood cells (95% 
neutropliils and 5% lymphocytes); by the 5th 
of April, 12.5 gm. of hemoglobin, 3,890,000 
red blood cells with slight anisocytosis. No 
urine was obtained imtil the 4th of April 
when it showed a specific gravity of 1.019, 
acid reaction, 2 plus albumin, 1 plus sugar, 
1 to 2 white cells, few epithelial cells and 
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much amorphous material in the sediment. On 
the following day the urine showed a specific 
gravity of 1.012, alkaline reaction, 4 plus 
albumin, no sugar, 20 to 25 white cells, 0 to 2 
red cells per liigh power field, 1 finely granu- 
lar and 0 to 2 coarsely granular casts. 

On the 2nd hospital day tlie blood pressure 
rose to 152/110. He was given rather copious 
amoimts of intravenous fluid because of vomit- 
ing and anuria. On April 2nd he received 
2,000 cc. of intravenous fluids, 2,500 cc. on 
the 3rd and 4,500 cc. on the 4th. 

A surgical consultation was held on April 
4th because of the persistent emesis, marked 
distention and rigidity of the entire right 
abdomen. At the suggestion of the surgeon, 
Wangensteen suction was instituted without 
any relief. The patient continued to vomit 
around the tube, even though the suction was 
draining well. 

Early on the morning of April 5th he began 
to spit and vomit bloody mucus, became quite 
drowsy and edematous. During the day he 
continued spitting considerable bloody froth. 
O.xygen was administered by tent. At 6:00 
p.m. the blood pressure was 170/0, the 
edema was increasing hourly. At 8:00 p.m. 
the blood pressure was 190/40. A venesection 
for relief of the pulmonary edema was unavail- 
ing. Petechiae were noted at this time in the 
conjunctivae. Slight temporary improvement 
in the respirations was obtained late that night 
by the use of 50 cc. of 50% glucose witli 0.5 
gm. aminophyllin intravenously. This pro- 
cedure was repeated at 1:00 a.m. of April 6th. 
At 6:30 a.m. the blood pressure had risen to 
170/80, and the pulse was full and strong. 
The edema of tlie face had completely dis- 
appeared but there were coarse bubbling rales 
throughout both bases. At 11:45 a.m. he had 
a slight convulsion, vomited a copious blood- 
stained fluid, became cyanotic and died at 
noon. During the entire hospital stay he had 
received 30,000 units of penicillin intramus- 
cularly every 3 hours. 

The urinary output was not measured until 
the 4th at which time he had 500 cc. of urine 
and 1150 cc. of emesis. On the 5th lie had a 
urinary output of 260 cc. and 1900 cc. of 
vomited fluid. 

At AUTOPSY, tlie liver weighed 2050 gm., 
was enlarged 6 cm. below the costal margin, 
displayed rounded edges, and on cross section 
showed typical passive congestion. The spleen 
weighed 270 gm., was enlarged to about twice 
normal size, but appeared otherwise normal. 
The left kidney weighed 290 gm. and the 
right 300, appeared slightly enlarged, on sec- 
tion the capsule stripped with ease and the 
surface looked moderately edematous. The 
left lung weighed 1150 gm. and the right 


1400 gm., were deep red in color, barely 
floated in water and were markedly engorged 
witli blood. On section the bronchi were filled 
with frothy blood-stained fluid and the lung 
tissue showed an advanced red hepatization. 

The microscopic findings after autopsy 
showed a marked accentuation of tlie lobular 
markings and a distinct nutmeg appearance 
of the liver, which was firm, rubbery and 
hemorrhagic. The liver showed marked 
chronic passive congestion with fatty infiltra- 
tion of the parenchyma. There was no evi- 
dence of a cirrhotic process. The renal 
glomeruli were unusually well preserved, the 
tubules showed a minimal degree of cloudy 
swelling. No casts, inflammatory exudate, nor 
other change was seen. 

At the insistence of the consultant who 
saw him the evening before death, specimens 
of the liver, kidney and lung tissues were 
sent to R. J. Hale of the General Chemical 
Laborator)' who reported that volatile organic 
chlorides were found in each specimen sub- 
mitted; but no definite quantitative data were 
available. Specimens were also sent to Dr. 
E. T. Bell of the University of Minnesota who 
found se\'ere central necrosis of the lobules of 
the liver and interstitial edema and hydropic 
degeneration of the tubules of the kidney, 
which findings he thought were consistent 
with carbon tetrachloride poisoning. Speci- 
mens sent to Dr. Tracy B. Mallory of the Mas- 
sachusetts General Hospital were reported 
upon as follows: “The sections from tlie liver 
and kidney are entirely characteristic of car- 
bon tetrachloride poisoning. The liver shows 
a sharp central necrosis without as yet evi- 
dence of regeneration. The kidney is a typical 
lower nephron nephrosis, with pigment casts, 
degeneration of the ascending limbs of Henle’s 
loop, interstitial inflammation at the cortico- 
medullary junction and foci of venous throm- 
bosis. The synergistic effect of alcoholism in 
relation to carbon tetrachloride injury is well 
established, both experimentally and from 
clinical e.xperience. It is very probable that it 
played a contributing role in tliis case.” 

Case 2. C.R., a 36 year old well developed, 
well nourished white male was admitted to 
Kadlec Hospital on Dec. 25, 1948, in acute 
distress, complaining of aching in the upper 
abdomen, and nausea and vomiting of about 
12 hours’ duration. He had been a rather hard 
drinker since the age of 21 at which time he 
began to drink 2 to 3 quarts of whiskey 
weekly. On December 23, 1948, there was 
a fire in the insulation around the machinery 
of his icebox, for which he used a Pyrene fire 
extinguisher containing 25% carbon tetrachlo- 
ride. This procedure occupied about 5 min- 
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utes, but because the space in which he was 
working was only about 2.5 by 2.5 by 0.5 
feet, and he was down close enough to observe 
the fire, he received a very high concentra- 
tion of carbon tetrachloride in tlrese few min- 
utes. He noted no ill effects that night but 
on the evening of December 24 he began to 
feel distressed, although he could not describe 
any definite symptoms. During tire morning 
of Cluistmas day he had severe pain in tire 
epigastrium and back which was associated 
with frequent and persistent vomiting, malaise 
and weakness. Around noon on Christmas day 
he began to note numbness of both arms. 
He also complained of distention. He was 
admitted to the hospital by ambulance. 

His past history' also reveals that he had 
been a dyer for many years. During tire war 
he worked as an electrician and is still so 
employed, and though during tire war he was 
in close association with welders he feels that 
he never was e.v-posed to a very Irigh nor pro- 
longed concentration of to.vic or metallic funres. 
In spite of the copious amounts of emesis, he 
had not noted its character, although during 
the late part of the morning he was quite 
definite that it was only clear fluid. He has 
noticed for some time tliat on an insufficient 
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24 hr. 
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Sp. Gr. 
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1-11-49 

22154- RD 

3425 

1.011 
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1-12-49 
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1-13-49 

2080 
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1.010 
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1-14-49 

1850 

5325 

1.005 
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1-15-49 
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4030 

1.006 
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1-16-49 

2350 

3800 

1.002 

acid 

1-17-49 


2050 

1.006 

acid 


(from mid- 




night to 
4:00 P.M.) 

io — icechips 


fluid intake, he may note some slight urinary 
burning, but otlrerwise has noticed no abnor- 
malities in tire genito-urinary system and as 
regards Iris slight urinary output during the 
past few hours, he felt that it was due to 
the copious and persistent vomiting. Four 
years ago when he allowed an insurance 
policy to lapse he was found to have a 
slightly elevated diastolic blood pressure. 

The history of carbon tetrachloride poison- 
ing, though persistently sought, was not 
elicited until about 5 days after admission 
when he thought of tire fire and the fumes. 

His height was 68 J 2 in., weight 135 lb., 
temperature 99.4° F., pulse 105, respirations 
20 and blood pressure 140/80. The local 
physical examination revealed a very' tender 
epigastrimn xvith definite rigidity and no 
rebound. Neitlrer costovertebral angle was 
tender, although a fairly hard punch on tire 
left side did cause some jarring disturbance. 
The remainder of tire physical examination 
was not remarkable. 

On admission the urine had a specific 
gravity of 1.007, acid reaction, 3 plus albumin, 
no sugar, 0 to 1 white blood cells, 0 to 1 
red blood cells, many granular casts and much 
amorplious material. Hemoglobin was 14 gm.. 
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-k-k -}- 

6-8 



4-4- 

3-5 



0 




4- 

1-2 



4- 
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0-1 
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rare 


tracp 

2-4 



trace 

0-1 




0-2 




t — tea 


LD — Liquid Diet 
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witli 4,500,000 red blood cells, 11,400 white 
blood cells (99!fc neutrophils, 1* IjTnphocyte). 
Roentgen-rays of the chest and flat film of 
tlie abdomen in an upright position were not 
remarkable. The probable diagnosis of pene- 
trating ulcer was entertained and he was 
admitted to tlie surgical ser\'ice. 

Late tliat afternoon tlie urine was acid, 3 
plus albumin, no sugar, 1 to 3 white blood 
cells, many epitliehal cells, many granular 
casts and much amorphous material. There 
were 12,350 white blood cells (OSS neutro- 
liils and 2S l}’mphocytes ) . No record was 
ept of tlie urinari' output during tlie 
remainder of Cliristmas day, but on tlie fol- 
lowing day tliere was no urinar)' output. 
There was slight icterus of tlie sclerae. A 
specimen of urine examined on tlie 26tli, but 
passed on tlie 25tli, showed an acid reaction, 
3 plus albumin, no sugar, 2 to 3 white blood 
cells, 20 to 30 shadow red blood cells, many 
epitlielial cells and 0 to 3 coarse granular 
casts. On the 26tli the white blood count had 
risen to 15,600 (96S neutrophils and 4S 
Ijanphocytes ) . 

During tlie remaining portion of Cliristmas 
day he received 2,000 cc. of 5% glucose in 
saline intravenously. On tlie 26th he was 
allowed to have fluids freelv bv moutli. On 
tlie morning of tlie 27tli the urine showed a 
specific gra\it)’ of 1.016, acid reaction, 3 plus 
albumin, 0 to 2 white blood cells, 1 to 3 red 


blood cells, a rare finely hyalin cast and 
5 to 6 coarsely granular casts. The white 
blood count was 10,725 (89% neutrophils, 7% 
lj'mphoc}'tes and 4% monDcjlies). The icteric 
inde.x on tlie morning of tlie 27 di was 27.5 
units, tlie carbon dio.xide combining power 
36 vol.%, tlie blood chlorides 400 mg. per 100 
cc. and blood urea nitrogen S6.7 mg. 

Inadvertently it was not realized tliat tlie 
urinary output had been zero and an intra- 
venous pyelogram was done on tlie 27tli 
which failed to show any excretion of tlie 
dye in 45 minutes. It xvas tlien realized tliat 
sometliing had happened to the kidneys and 
intensive unsuccessful search xvas made in the 
historj' by numerous obsen’ers for definite 
liistory of chemical solvent or odier to.dc 
substance. Diagnosis of lower nephron neph- 
rosis was entertained and he w’as transferred 
to tlie medical servace. 

On die 27tli tlie ratal capacity was 5,2 liters, 
or 74!? of normal. There was evidence of 
fliud in tlie bases posteriorly. He was placed 
on a ver}' conservative regimen, receiving 750 
cc. of 155? glucose intravenously eveiy 24 
hours witli sufficient heparin tliereafter to pre- 
vent clotting of tlie needles. Vomitus rvas 
replaced quantitatively with saline intra- 
venously and fluids by mouth were limited 
to ice chips at very infrequent intervals, only 
sufficient to keep tlie moutli from being 
uncomfortably dr)'. On the 2Sth the blood 
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82 
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36 
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85.5 
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50 
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45 
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50 
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52 




12 
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urea nitrogen was 85.5 mg-, blood chlorides 
430 mg., tliymol turbidity 1 units, albumin 
globulin ratio 3.98:1.46, Red cell fragility test 
was normal. There was no clinical evidence 
of icterus. The blood pressure was 190/80- 
The fluid in die lungs did not change for 
several days. The blood chloride remained 
relatively constant at 440 mg., die urinary 
clilorides were being excreted at the rate of 
3 to 4 gm. per liter. 

On die morning of the 30th die blood urea 
nitrogen was 91.5 mg., carbon dioxide com- 
bining power 50 vol.%. During that afternoon 
the patient had a very severe tonic convulsive 
seizure during which he bit his lower lip 
severely and his convulsion did not respond 
to the usual intravenous sedatives. Intravenous 
calcium was given, immediately after wliich 
he went into a deep and untroubled sleep for 
about 30 minutes, following which he had no 
remembrance of die convulsion. The blood 
calcium at diis time was 7.8 mg. and sub- 
sequendy intravenous calcium therapy was 
started. The following day, because of some 
twitching of die face and a positive Chvostek 
sign, the intravenous calcium was increased 
to twice daily. 

On the 31st die urine showed a specific 
gravity of 1.007, alkaline reaction, 4 plus 
albumin, 0 to 2 white blood cells, a few 
round epithelial cells. The hemoglobin had 
dropped to 12.5 gm., red blood cells to 
3,870,000. There were 14,650 white blood 
cells (82% neutrophils, 8% l)Tnphocytes, 8% 
monocytes, 1% eosinopliils, 1% basophils). 
Blood chlorides were 450 mg. per 100 cc. 
Two doses of 100,000 units of penicillin were 
given intravenously, 12 hours apart for die 
infected necrotic patch on the lower lip. 
Humphrey and Jones^o found that blood 
penicillin stays at a therapeutic level, after 
a single dose, for 5 days during a period of 
oliguria. 

On January 1st the blood urea nitrogen 
was 98.8 mg. The patient was quite nervous 
and irritable. During diis time and up 
dirough die 3rd of January die patient had 
been complaining of troublesome distention, 
but it was felt unwise to give him relief of 
die distention other than by low soap suds 
enemas as needed. On die 3rd he was passing 
mucus and blood from die rectum, and 
hemorrhoids which had been relatively 
nsjoiiptomatic, became painful. It was appar- 
ent diat he was becoming more edematous 
and 01 ^ Januarj' 5di die blood urea nitrogen 
was 152 mg. At diis time the urine was 
beginning to form, as will be noted from die 
tabulations, and from diis time Ihs course 
ni.ay be said to follow his changing fluid and 
01001101)46 balance. 


On the 6th the chlorides had dropped to 
340 mg. and it was decided to give iiim 
intravenous saline as well as oral sodium 
chloride in capsules. Oral sodium chloride 
made liim quite distended and uncomfortable. 
At diis time very slight infiltration of glucose 
had ruined die veins of the arms to the point 
of preventing furtiier intravenous medication 
therein. At no time had the veins in the legs 
been satisfactory and a cut-down was not 
desirable. Except for troublesome distention 
in the days shordy after restarting oral food, 
about the 5th of January, and very painful 
arms, die recovery period was uneventful and 
he was discharged on January 17, 1949. 

He was seen again on January 23, 1949, 
at which time he felt much improved but 
unfortunately had an upper respiratory infec- 
tion. The blood pressure was 160/110, pulse 
100, respirations 14. It was decided at the 
time to stop his excessive salt intake because 
liis urinary output was approaching 1500 cc. 
per day. He was allowed to return to light 
duties. He was seen again on February 2, 
1949, and the blood pressure was 146/94. 
His improvement had been steady and for 10 
days he had been at a type of work in which 
he rated himself at 30% of his former effi- 
ciency. He was having no urinary difficulties 
whatsoever and Iris total output was about 
1200 cc. per day. On February 25, 1949, he 
was complaining of headache and stiffness of 
all joints when starting motion, but "limber- 
ing up” shortly after motion Avas begun. 
Otherwise he had regained his former effi- 
ciency at full duties. 

Case 3. M.P., a 34 year old wliite Ameri- 
can housewife, was adrnitted to Kadlec Hos- 
pital on February 3, 1949, xvith a complaint 
of nausea, vomiting diarrhea, generalized 
aches and pains and generalized weakness of 
2 days’ duration following a cold. 

The past history revealed the usual child- 
hood diseases, scarlet fever, rheumatic fever, 
"St. Vitus’ Dance” and pneumonia in a mild 
form as a cliild. There have been 4 or 5 
episodes of acute rheumatic fever since. She 
had a complete hysterectomy in June of 1948. 
There is an extensive alcoholic history. 

On admission the physical examination 
revealed an acutely ill, depressed woman in 
a fair state of nutrition. Her temperature was 
98.6° F., pulse 84, respirations 18 and blood 
pressure 110/50. The pupils were miotic, 
probably as a result of morphine. Otherwise 
tlie eyes, ears, nose, throat and chest were 
not remarkable. The abdomen revealed appen- 
diceal and midiine incisional scars. The mus- 
cles of tire abdomen were tender throughout 
The liver was irregular and was felt 3 to 4 
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cm. below the costal margin. The region of 
the gallbladder and, or, the liver was quite 
tender. Pelvic e.xamination was deferred. The 
lymph nodes and breasts were negative. The 
muscles of the e.xtremities ached on pressure. 

On admission the blood coimt was 11.5 gm. 
of hemoglobin, 4,250,000 red blood cells and 
20,100 white blood cells ( 89% neutrophils and 
11% lymphocytes). There was slight anisocy- 
tosis of the red blood cells. The Kahn test 
was negative. 

The temperature at 8:00 p.m. on February 
3, 1949, was 102° F., pulse 100, respirations 
24 and the blood pressure had fallen to 88/42. 
At 1:40 a.m. on February 4, it was noted that 
the patient was becoming rapidly worse; she 
was heard to gasp for a short wliile and 
e.xpired 14 homrs after admission to the hos- 
pital. 

The internist’s original impression was xlral 
enteritis; he xvrote “at the time of examination 
this morning her clinical condition in no way 
seemed critical.” The sudden demise of this 
patient was e-xlremely puzzling in the absence 
of the history of carbon tetrachloride poison- 
ing and the internist entertained such diagnoses 
as uremia, pulmonary embolus, cerebral 
edema, purpuric manifestation in the brain 
secondary to some virus infection, meningitis, 
Waterhouse-Friederichsen s}'ndrome. 

After her death the husband related tliat 
about 4 days prior to admission the patient 
had used carbon tetrachloride to clean the 
furniture in her trailer. 

At AtrropSY the body appeared jaundiced. 
The internal organs and serous fluids were 
jaundiced. The liver was smooth and very 
fatty, -with marked fatt)' infiltration of the 
cut surface. Grossly, the kidneys were normal. 
The impression was hepatorenal syndrome in 
the absence of any abnormality of the adrenal 
glands. 


Summary. 1. The literature on carbon 
tetrachloride has been reviewed and 3 
cases are reported. Two of the patients 
died within a short time of entrance to 
the hospital. One developed the full 
clinical picture of lower nephron neph- 
rosis and recovered on conservative 
management. 

2. The frequency of severe lower 
nephron nephrosis and, or, renal dam- 
age following carbon tetrachloride poi- 
soning in the presence of chronic alco- 
holism is well exemplified by aU 3 of 
these cases. 

3. Ingestion of carbon tetrachloride 
attacks first the Hver with apparent 
sparing of the kidney. Inhalation dam- 
ages primarily the peripheral vascular 
system of which the kidney is a com- 
ponent. 

4. The advantages and disadvantages 
of mechanical “chemical wash-out” 
therapy have been discussed. 

5. The use of calcium therapy is 
stressed in this syndrome. 

6. Consen'ative management must be 
stressed in a “one-way-hypertonic-solii- 
tiorf indiwdual; in ottier words do not 
droxvn the patient whose kidneys are 
oliguric or anuric; the faulty chemistr)' 
cannot be corrected by flushing a one- 
way system vnthout serious alterations 
in water and electrolyte balance. 


My tlianks are due to Drs. G. Kowalski, J. Baugber and P. E. Kendall for the use of 
their records and letters in Cases 1 and 3. 

The author also xvishes gratefully to acknowledge the carefully critical reading of this 
manuscript by Dr. Alexander B. Gutman. 
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Acute infectious lymphocytosis is a 
disease of unknown etiology, essentially 
benign in nature, and characterized by 
pronounced lymphocytosis and eosino- 
philia. It occurs both sporadically and 
in epidemic form. 

Since the disease was first described 
by Smith in 1941^-, theie has been 
reported a total of approximately 93 
cases, the largest series numbering 2S 
patients^®. This includes 16 patients 
mistakenl)' reported by Reyeisbach and 
LenerF^ as infectious mononucleosis. 
In 1944 Smith^^ suggested the possible 
contagious nature of the disease on the 
basis of a small family outbreak. Finu- 
cane and Phillips® pointed out die 
presence of the eosinophilia, in describ- 
ing an institutional outbreak in a chil- 
dren’s tuberculosis ward. The report by 
Duncan® of 2 cases in young adults 
indicated that the disease was not con- 
fined to the pediatric age group 

The occurrence of an epidemic of 
acute infectious lymphocytosis in a 
large institution caring for approxi- 
mately 1400 mentally defective and 
epilepHc patients of all ages, afforded 
an opportunity to study in detail over 
a relatively long period, a large num- 
ber of affected individuals. The pur- 
pose of this paper is to report the 
results of various studies and the clin- 
ical course in 88 of the inmates who 
contracted the disease. 

Site of EproExnc. The Southbur)' 
( 6 - 10 ) 


Training School, situated in rural Con- 
necticut, was accommodating approxi- 
mately 1600 inmates and employees at 
tlie time the outbreak was discovered. 
The inmates had a median age of 23 
years (range 5 to 65 years), and were 
classified, on psychological, social and 
developmental criteria, as high (mor- 
on), middle (imbecile) and low 
(idiot) grade mental defectives, in the 
approximate proportion of 40%, 30%, 
30%, respectively. They live in individ- 
ual cottages of 25 to 80 capacity de- 
pending on the mental status and 
chronological age. Each cottage is a 
relatively self-contained unit, having its 
own kitchen, dining room and recre- 
ational facilities in addition to the 
sleeping quarters. Uncooked food and 
pasteurized milk are sent daily to each 
cottage from a common storehouse. 
The water for the entire institution is 
derived from two deep wells and is 
tested bacteriologically at regular inter- 
vals. There is considerable inter-group 
contact, especially among the high 
grade population, in athletics, school, 
movies and other social activities 
Discoxtry of EproEXfic. The first 
case was found in July, 1947, as a 
result of a routine blood count on J. C., 
a low grade epileptic boy who was 
receiving Tridione. The marked lym- 
phocytosis and eosinophilia exhibited 
by this boy stimulated the study of 
three other children in adjoining beds 
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in the same dormitory, who also were 
found to have a somewhat similar 
blood picture. At about the same time, 
a suggestively similar hlood count was 
found in a high grade boy Ibong in a 
cottage situated in an entirely differ- 
ent section of the institution, a con- 
siderable distance from the low grade 
cottages. Although isolated, random 
blood counts taken in children through- 
out most of the cottages in the insti- 
tution indicated a widespread distri- 
bution of cases, technical limitations 
made it necessary to confine our var- 
ious studies to the following three 
groups: 1, A low grade cottage in 
which 43 inmates and one employee 
were affected; 2, A high grade cottage 
in which 32 inmates and one employee 
were affected; 3, A miscellaneous 
group of 11 high grade children from 
other cottages, and an additional em- 
ployee. 

Clinical Aspects. Tlie benign nature 
of the disease was confirmed in this 
study. Few of the cases would have 
been discovered \vithout the aid of 
frequent blood study surveys in the 
various cottages. 

Fever: Nineteen children vnth the 
disease, on restricted actiwty in their 
cottages, had rectal temperatures taken 
bwce daily for 6 weeks. Ten of these 
boys had temperature elevation of 
101° F. or higher for variable periods. 
In 7 cases only one reading was ele- 
vated; in 3 cases, 2 or more tempera- 
ture elevations, eitlier consecutive or 
intermittent, were found. All of tlie 
children were examined at the time of 
the elevated temperatures vnthout 
demonstrating other causes for die 
fever. It is of interest that in spite of 
temperatures of 102° or more, most of 
the affected children obfected to hav- 
ing their acti^’ities limited. In prev- 
iously published papers, fever has 
been reported in about SOS of the 
cases. 

Gasfroinfesfinal Tract: Gastrointesti- 


nal symptoms occurred in about 5% of 
our cases, and were usually of a very 
mild nature, such as nausea, anorexia 
and mild abdominal pain. Vomiting 
occurred on only rare occasions. Ab- 
dominal pain may, however, be severe, 
and 2 patients have been reported by 
Smith^^ and Duncan^ in whom the pos- 
sibility of an acute abdominal condition 
was considered. A recent reporti*^ of an 
institutional outbreak described diar- 
rhea as the most prominent S}mptom. 
This was not the case in our series. In 
fact, diarrhea was not observed in any 
of our patients. 

Respiratory Tract: No specific respir- 
atory tract symptoms were observed 
except for dry, non-productive coughs 
in 3 patients early in the disease which 
lasted for a few da)'s. This was not 
associated wth fever. In about 10% of 
tlie cases, marked pharjmgitis \wtli 
some discomfort was obseiwed. 

Central Nervous System: One patient 
v/as seen with symptoms suggestive of 
central nervous system involvement 
(Case 2, see below), including head- 
ache, stiff neck and vertigo. Similar 
cases have also been obsen^ed by 
others®'^®. An increase in lymphocytes 
in the spinal fluid has been reported 
in isolated cases^-®-®’^®, ranging from 
20 to 90 per cmm. Only 2 spinal fluid 
e.xaminations were carried out in our 
patients, both being wuthin normal 
limits. 

Lymphatic System: A slightly pal- 
pable spleen was found in only 2 
patients. This was present for only a 
few days at die onset of the disease. 
In no case was there significant lym- 
phadenopathy. Splenomegaly without 
l}mphadenopathy has been previously 
reported in 5 patients^’®»^^. 

Case Beports. Case 1. J. U., a 13 year old 
white, high grade boy was referred to the 
dispensarj' on August 13, 1947, by his cot- 
tage matron because of nausea, vertigo and 
malaise. The matron stated that for the past 
several days the boy “had not acted like his 
usual self’. A white blood cell count estaV 
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lished the presence of the disease (Table 1). 

TABLE 1. COURSE OF BLOOD PIC- 
TURE IN 2 REPRESENTATIVE PATIENTS 

% % 



Wiite 

L>’mpho- 

Eosino- 

Date 

Blood Count 

cyles 

phils 

1947 

J.M. 8-13 

22.100 

63 

13 

(Casel) 8-17 

32,500 

69 

16 

8-19 

43,900 

61 

4 

8-21 

25,300 

66 

8 

8-26 

35,100 

53 

15 

8-30 

22,000 

43 

13 

9-4 

19,800 

50 

24 

9-9 

40,800 

38 

23 

9-16 

7,700 

28 

26 

9-23 

12,300 

38 

20 

10-7 

9,200 

43 

15 

11-8 

14.100 

42 

9 

1948 

1-20 


59 

4 

1947 

R.M.° 8-23 

10,350 

69 

4 

8-26 

20,300 

75 

6 

8-30 

76,800 

69 

4 

9-1 

62,400 

68 

3 

9-4 

63,600 

89 

1 

9-9 

67,800 

86 

2 

9-16 

77,400 

83 

4 

9-23 

66,800 

83 

4 

10-7 

13,600 

45 

8 

10-27 

10,900 

39 

3 

11-18 

16,800 

44 

3 

1948 

1-5 

11,400 

57 

4 


“ A 12 year old boy with typical clinical 
course. 

Upon admission to the institution’s hospital 
for further study, the boy did not appear 
sick, although a slight non-productive cough 
was present. Physical examination was essen- 
tially negative, revealing only a thin serous 
discharge from the narcs. There was no 
IjTnphadenopathy or splenomegaly. The boy’s 
hospital course was relatively uneventful. 
However, he complained occasionally of vague 
abdominal pain to tire right of the umbilicus 
where there was moderate tenderness, but 
no spasm or rigidity. In addition, for several 
days he vomited 1 to 3 times daily xvith no 
apparent preceding nausea. He was afebrile 
while in the hospital except for the 7th day 
when his temperature rose to 103 degrees, 
but returned to normal within 12 hours. Tlie 
patient was discharged well on the 12th day. 

Chest .x-ray taken on Aug. 16, was inde- 
terminate. E.xaminations for heterophil 
agglutinins on Aug. 17 and on Sept. 2 and 


cold agglutinins on Aug. 21 were negative. 
Lumbar puncture on Aug. 19 was negative. 
Nose and throat cultures, nasal swabs for 
hemophilus pertussis, stool examination for 
ova and parasites, trichinella skin test, Mazadni 
serological e.xamination, erytlirocyte sedimen- 
tation rate, and several urinalyses were all 
non-contributory. Eosinophilia in this patient 
persisted for 3 months. 

Case 2. C. F., a 16 year old white, high 
grade male was admitted to the institution’s 
hospital on Sept. 11, 1947, with fever and 
a stiff neck. He had felt “poorly” that morn- 
ing and in the afternoon had become feverish, 
dizzj', and had a headache. He complained 
of dffficultj' in walking because of “stiff legs 
and baek”. On admission his temperature was 
103.6°; physical e.xamination revealed a mark- 
edly rigid neek witli a positive bilateral 
Kemig’s sign, physiological tendon refle.ves 
and no ewdence of muscular weakmess. A 
lumbar puncture performed on admission was 
negative. The wliite blood count established 
the diagnosis of acute infectious IjTnphocytosis. 
The stiff neck was not apparent the day fol- 
lowing admission and after an uneventful 
7-day hospital course the patient was dis- 
charged entirely well. 

Case S. J. Nk, a 12 year old high grade, 
white boy was admitted to the institution’s 
hospital on Aug. 22, 1947, witli fever and 
sore throat of 1 day’s duration. On admission 
he was acutely ill xvith a temperature of 102°, 
and letliargic. Physical examination revealed 
only a moderately injected throat wth 
enlarged tonsils. There was no IjTnphadeno- 
patliy. During liis first 5 days in the hospital 
his temperature ranged between 100 and 103 
degrees despite adequate sulfadiazine therapy. 
He felt perfectly well, however, and his only 
complaint was a feeling of soreness of the 
trachea just superior to the sternal notch. The 
spleen, although not felt on admission, became 
palpable on the 6th day, 4 cm. below the 
left costal margin and remained so for several 
days. 

Chest x-ray on Aug. 26, was indeterminate. 
E.xamination for heterophil agglutinins on 
Sept. 1, and cold agglutinins on Sept. 9, 
were negative. Erythrocyte sedimentation 
rates taken while the patient was afebrile, 
and using Wintrobe’s method were: 34 mm. 
on Aug. 27, 32 mm. on Aug. 29, and 12 mm. 
on Sept. 1. 

Laboratory Findings. The outstand- 
ing features of the disease were the 
changes in the blood consisting of 
Ieukoc)i:osis, lymphocytosis, and eos- 
inophilia. 'These are graphically de- 
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scribed ia Figure 1, for 23 high grade 
patients. Table 1 gives the typical 
course of these blood changes in 2 
individual cases. 

Leukocytosis. A marked leukocytosis 
due to an increase in the number of 
lymphocytes was found in aU the cases. 
The maximum white blood count in 
our patients was 77,400, -with an aver- 
age peak of approximately 47,000. 

Lymphocytosis. The lymphocytosis 
was always striking, ranging between 
60% and 93% at its height. For a vahd 
interpretation of the differential count, 
it is essential to express the cellular 
components in absolute terms. The 
highest lymphoc34:e count was 64,000 
per cmm., with an average peak of 34,- 
000. The normal absolute value for lym- 
phocytes is approximately 5,000 per 
cmm. The lymphocytosis persisted for 
an average period of 7 weeks. The lym- 
phocytes were mainly of the small 
mature type sho\ving a normal compact 
nucleus, although a great number ex- 
hibited a basophihc cytoplasm. Oc- 
casionally an atypical lymphocyte 
resembling a Do\vney Type I cell was 
seen. 

The course of the leukocytosis and 
the l)Tnphoc)4:osis coincided almost 
identically (See Fig. 1). The leuko- 
c)1ic response differed in adults and 
children. The average white count peak 
for the 14 adults was 25,600 per cmm., 
contrasted with an average of 47,000 
for tlie 23 children. This was true also 
of the lymphocytosis where the aver- 
age highest absolute value for the 
adults was 16,000 and for the children 
34,000. 

Eosinophilia. An absolute eosinophi- 
lia was observ'ed in all the cases and, in 
many instances, was e.xtreme. The 
maximum absolute value was 5,300 
eosinophils per cmm. with an average 
peak of 2,300, as compared to the nor- 
mal absolute value of 400 or less. In 
isolated cases, not included in Fig. 1, 
an absolute eosinophilia as high as 7,- 


800 per cmm. was encountered. The 
maximum eosinophiha, in relative 
values, was 32%. The average duration 
of eosinophilia was 10 weeks and, in a 
few cases, was still present after many 
months. 

Erythrocytes. Red blood cells and 
hemoglobin at the height of the dis- 
ease were found to be \vithin normal 
quantitative limits in all our patients, 
and remained so during the course of 
the disease. Nucleated red blood cells, 
in the form of normoblasts, and vary- 
ing from the basophilic to the ortho- 
chromic stages, were observed in many 
patients at tlie height of tlie leuko- 
cytosis, but only after diligent search. 

Platelets. No significant changes in 
number and appearance of the pla- 
telets were noted on direct smears. 

Bone Marrow. Sternal marrow exam- 
inations of 3 patients at the height of 
the illness are summarized in Table 3. 
The bone marrow exhibits a general 
hyperplasia. The lymiphocytosis and 
eosinophilia present in the peripheral 
blood are seen to be a reflection of the 
increased production of these elements 
in the marrow. 

Lymph Nodes. Although there was 
no lymphadenopathy in any of the 
patients, inguinal nodes were excised 
for histological examination from 2 
patients (A. L. and L. B.) at the height 
of their disease. Since the microscopic 
findings were similar in both cases, the 
pathological description of one, A. L. 
a 13 year old male, follows: “The cap- 
sule and trabeculae are thin. Only 
occasional lymphocytes are present 
within the former and in the surround- 
ing areolar tissue. The cortical sinu- 
soids have their usual structure and 
there are broad interstices among the 
reticulum cells. The medullary sinu- 
soids, however, show a marked degree 
of proliferation of stellate and spindle 
shaped reticulum cells. Among these 
are occasional lymphocytes and large 
erj'throcytes. Within the cortex there 
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are large lympli follicles which are 
continuous with broad medullary cords. 
The lymphocytes are typical cells 
without an undue proportion of the 
larger elements. Scattered among them 
are large reticulum cells of die usual 
morphology and number. Germinal 
centers are large in some folhcles and 
small in others. They exhibit no evi- 
dence of necrosis or of hyahne change. 

Diagnosis. Lymph node showing 
moderate hyperplasia and proliferation 
of reticulum of medullary sinusoids. 
There are no pathognomonic changes 
by which acute infectious lymphocy- 
tosis could be recognized." 

Smith^^ reported biopsies taken on 


cervical and inguinal nodes of 2 
patients with this disease. The out- 
standing features noted by him were 
proliferation of the lining reticulo- 
endothelial cells of the sinuses and 
varying degrees of hyaline degen- 
eration of many of the germinal cen- 
ters of the lymph follicles. 

Additional Laboratory Data. Maz- 
zini serological tests were done on 38 
patients and were all negative. Hetero- 
phil agglutination tests (Paul-BunneU) 
performed on the same patients were 
also negative and remained so in sev- 
eral cases on repeated examinations. 

Examination for cold agglutinins 
were done on 19 cases. Only 2 


TABLE 2. SUMMARY OF LABORATORY FINDINGS 


Leucocytosis 
Maximum number 
Average Duration 
Lymphocytosis 
Maximum % 

Average Duration 
Eosinopliilia 
Absolute 

Average Duration 
Maximum Duration 
R.B.C, and Hemoglobin 
Platelets 
Bone Marrow 
Total Count 
% Lymphocytes 
% Eosinophils 
Heterophile Test 
Serology 

Cold Agglutinins 
Erythrocyte Sed. Rate 

Cerebrospinal Fluid 


® Figm-es in parentliesis 


Present Series 

77,400 per cmm. 

49 days 

93 

49 days 

All cases 
10 weeks 
Over 5 months 
Normoblasts noted 
No changes noted 
Increased (3)“ 
Increased (3) 

Normal to increased 
Negative (38) 
Negative (38) 
Negative (19), 
Suspicious (2) 
Normal (8) 
Increased (7) 
Negative (2) 

refer to the number of 


Previously Reported Cases 

147,000 per cmm. 

30 days 

97 

30 days 

All cases 

Not reported 

7 montlis 

No abnormalities 

No changes noted 

Normal to slight increase 

Normal to increased 

Normal to increased 

Negative 

Negative 

Negative 

Normal 


Pleocytosis (5) 
Negative' (1) 

examinations performed. 


TABLE 3. RESULTS OF STERNAL BONE MARROW EXAMINATIONS IN 3 PATIENTS 


Normal ® 
Average % 

L)'mphoc}'tic series 10,0 

Eosinopliilic series g ,5 

Other nucleated W.B.C. 64.5 

Nucleated R.B.C. 22^0 

Total Nucleated celk per cmm. 150,000 (?) 


* From Wintrobe, M.N., Clinical Hematology, 


Case 

Case 

Case 

c. c. 

A. I. 

A. J. 

15.5 

28.5 

17.0 

10.5 

4.5 

11.0 

49.5 

44.5 

54.0 

24.5 

22.5 

18.0 

,000 

437,000 



Philadelphia, Lea & Febiger, 1942. 
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showed elevated titers of 1:64 and 
1:32; the latter was found to be 1:16 
a week later. Er)^throcyte sedimentation 
rates, using the Wintrobe method and 
correcting to hematocrits of 42%, were 
performed on 15 afebrile boys under 
13 years of age. Seven had rates above 
10 millimeters, but only one was 
greater tlian 20 mm. (Case 3). 

Stool examinations for ova and par- 
asites on 12 patients were negative, 
except for 2 whose stools contained 
ova of Oxyuris vermicularis. The latter 
are occasionally found in routine in- 
stitutional stool examinations. 

Skin tests for Trichinella spiralis on 
the 15 cases exhibiting the most pro- 
nounced eosinophilia showed only one 
\vith a positive reaction. Urinalyses on 
17 patients were negative. 

Chest films taken on 6 patients at 
the height of the disease were inde- 
terminate. 

Table 2 summarizes all of the above 
pertinent data. 

Treatment and Prognosis. There 
was no evidence that the clinical 
course of the disease was in any way 
affected by sulfadiazine or penicillin. 
The treatment was entirely sympto- 
matic. All patients made an uneventful 
recovery and there were no comph'- 
cations. 

Epidemiology. Age and Infectivity: 
The age range of the 87 patients 
included in this study was from 5 to 
56 years. Fourteen of these patients 
were 17 or more years of age. There 
were no children under 5 years in the 
cottages studied. 

In the 2 cottages that were studied 
in detail, there were 134 patients and 

TABLE 4. ANALYSIS OF INFECTIVITY 
AT VARIOUS AGE LEVELS IN 134 
INHABITANTS OF 2 COTTAGES 


Arc 

Number 

Expo5ed 

Number 

Affected 

Percent 

Affected 

5-10 years 

51 

30 

59% 

11-16 years 

65 

35 

5-i% 

17-36 years 

18 

11 

61% 


employees. Of this number 76 ( 57%) 
contracted the disease. The relation- 
ship of age to the incidence of the 
disease is givdh in Table 4. There was 
no significant difference in the inci- 
dence of infection in the 3 age groups. 
It is apparent that the disease seen 
in this outbreak was exceedingly con- 
tagious. 

Se.r and Color. An analysis of sex and 
color is limited since the group studied 
consisted mainly of white males. How- 
ever, tliere were 2 females and 3 
negroes affected, and these were in 
approximate proportion to tlie number 
e.xposed. 

Incubation Period. Adequate infor- 
mation relative to the incubation period 
was diflScult to obtain. The date of 
exposure of individual cases was impos- 
sible to determine because of the inter- 
mingling of the children in the cottages 
and tliroughout the institution. In addi- 
tion, the onset of the disease could only 
be established by daily blood examina- 
tions on large numbers for relatively 
long periods, a technical procedure 
which was not feasible in the present 
study. However, the date of exposure 
and the approximate onset of the dis- 
ease were determined in an 11 year old 
boy from an outside community who 
developed the disease 16 days after 
known e.xposure. Smith^^, estimated the 
incubation period to be between 12 
and 21 days. 

Etiology. Nose, throat, and stool 
cultures revealed no significant patho- 
genic microorganisms. Innoculation of 
chick embr}'os and of mice intra- 
peritoneally with blood serum from 6 
patients at the peak of the disease 
revealed no recognizable virus. 

Differential Diagnosis. From a 
pracb'cal viewpoint, the importance of 
this disease stems from its possible 
confusion with other conditions carry- 
ing more or less serious prognostic 
implications. A detailed and complete 
discussion of the differential diagnosis 
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has already been presented else- 
where^^'®'^^. This will be reviewed 
briefly. 

Lymphatic Leukemia. This has been 
the initial tentative diagnosis in a 
number of the reported cases of acute 
infectious lymphocytosis^’'^-^^. How- 
ever, the benign clinical course, the 
absence of Irepatomegaly, signifi- 
cant splenomegaly, lymphadenopathy. 
anemia and thrombocytopenia, as well 
as the normal appearance of the Ijnmph- 
ocytes are sufficient in all cases to dis- 
tinguish the 2 conditions. 

Infectious Mononucleosis. This is 
readily dffierentiated by the absence 
of enlargement of die lymph glands 
spleen and liver, as well as the relative 
rarity of atypical lymphocytes. Tire 
combination of marked lymphocytosis 
and eosinophilia are not seen in infec- 
tious mononucleosis. The presence of a 
positive heterophil agglutinin reaction 
helps confirm the latter diagnosis. 

Miscellaneous Conditions. Other 
causes of lymphoc)^tosis or eosinophilia 
such as pertussis, trichinosis, chronic 
infections like tuberculosis and brucel- 
losis, convalescence from certain acute 
infections, and so on, should not pre- 
sent any significant difficult)'. This is 
also true for the allergic conditions, 
other parasitic infections, and certain 
of the skin diseases. 

Discussion. Tlie epidemic described 
above demonstrated very well 3 char- 
acteristic features of the disease, 
namely, 1, die marked infectivit)', 2, the 
paucity of significant symptomatology 
and physical signs, and 3, the relative 
uniformity of the hematological picture 

While we were able to identify 87 
cases, there is little doubt diat a con- 
siderably larger number would have 
been found if the entire population 
could have been studied. In die 2 cot- 
tages that were most closely followed, 
v'ell over 50% of the exposed indiwd- 
uals contracted the disease. It is inter- 
e.sting that a clinical condition ivith this 


degree of infectivity, and with so strik- 
ing a blood picture, was not generally 
recognized and described prior to 1941. 
Recent publications® and personal com- 
munications from physicians both in 
diis country and abroad would indicate 
diat the disease is by no means rare, 
and is widely distriWed throughout 
die world. 

The observation of a relatively uni- 
form incidence among die various age 
groups (Table 4) is of considerable 
interest. In general, our inmate and 
employee population, drawn from the 
relatively small area of western Con- 
necticut and representing an indige- 
nous population may not have been 
previously exposed to this disease. On 
the other hand, it is also possible diat 
the condition does not confer a lasting 
immunity. Because of our opportunity 
to follow these individuals for relatively 
long periods, die answer should even- 
tuahv nresent itself. 

The blood findings in all cases were 
consistent and characteristic. Although 
the name of the disease stresses the 
lymphocyte reaction, the absolute 
increase in eosinophils is equally strik- 
ing. Perhaps the tendency to describe 
the various leukocytes in the blood in 
relative terms has tended to obscure 
the presence of the marked eosinophilia 
which is invariabl)' present at some 
time during die course of the disease. 
An interesting observation is the rela- 
tively long periods during which these 
blood findings persist, in many cases 
for as long as 4 months, and occasion- 
ally longer. 

The failure of the neutrophils to 
ediibit any significant absolute quan- 
titative change in the face of the 
markedly stimulating effect of the nox- 
ious agent on die lymphocytes and 
eosinophils is not due to any specific 
inhibitory effect on these cells. This is 
demonstrated by the course of the 
blood picture in a 20 year old boy who 
developed a tyqiical pneumococcus 
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lobar pneumonia during the course of 
his infectious lymphocytosis. A rapid 
and striking absolute increase in the 
polymorphonuclear cells occurred and 
persisted until the usual penicillin 
response was obtained. 

The appearance of nucleated red 
blood cells during the course of acute 
infectious lymphocytosis, although in 
very' small numbers, was quite con- 
sistent. This has not been previously 
reported. Although its significance is 
not clear, it may represent a “crowd- 


ing out” effect of these immature cells 
by the hyperplastic bone marrow. 

Summar}^ The findings, botli clini- 
cal and laboratory, in an institutional 
outbreak of acute infectious lympho- 
cytosis, during which 87 cases were 
definitely identified, are summarized. 
Hematologically, the absolute increase 
of botli Ijrmphocytes and eosinophils 
was found to be pathognomonic and to 
persist for relatively long periods. The 
benign clinical course was confirmed. 
The markedly contagious nature of the 
disease was strikingly demonstrated. 


The autliors wish to express their indebtedness to Drs. Dawd H. Clement, Averill A. 
Liebow and John R. Paul, of the Yale Medieal School, for tlieir assistance in this study. 
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CLINICAL EXPERIENCES IN PARKINSONISM WITH A NEW TYPE 
OF ANTISPASMODIC, 3-(l-PIPERIDYL)-l-PHENYL-l-CYCLOHEXYL- 
l-PROPANOL HYDROCHLORIDE (“ARTANE’T 

By Michael Canelis, M.D. 

Fbederick J- Farnell, M.D. 

AND 

Thomas Hodge McGavack, M.D. 

NEW YORK, NEW YORK 

(From the New York Medical College, Metropolitan Hospital Research Unit, 
and the Division of Neurology and Psychiatry, Metropolitan Hospital) 

In recent years varying degrees of and half that of atropine. It is mildly 
success have been reported following excitant to the central nervous system 
the administration of several new drugs but much less so than atropine. Saliva- 
te patients with parkinsonism. How- tion is but slightly inhibited. There 
ever, psychological factors in these are no histamine-like qualities; on the 
subjects are such that many of tliem contrary a feeble anti-histamine activ- 
respond favorably for a time to almost ity has been demonstrated. For these 
any medication, thus making it difficult reasons it was believed that Artane in 
to appraise clinically the action of a dierapeutic doses might have fewer 
particular agent. “side reactions” tlian eflFective doses of 

In the present series of cases, a belladonna and its derivatives. 

X OH 

/\ , 

^C— CHr-CH;— N<( \hC1 

\/ 



new drug, 3- (1-piperidyl) -1-phenyl- Methods and Materials. Twenty-three 

1-cyclohexyl- 1-propanol hydrochloride. Patients \vith parkinsonism were treated with 

commonly colled Artane'/wtt graphic 

formula as noted below has been tested 2 women, belonged in the postencephaHtic, 
for its influence upon parkinsonism. and 6, 2 men and 4 women, in the idio- 
Artane is a member of a new series P^thic or arteriosclerotic group. Of ffie 

of antispasmodic compounds^'. Its use toward 

. . 1 d a. r ^ 1 . . tlie end of World War I and 10 remember 

m die treatment of parkinsonism was having had sleeping sickness. The ages of 

suggested by an analysis of its pharma- the patients at the time of treatment with 
cological properties in animals^. On Artane ranged from 30 to 78 years ivith an 
isolated intestinal loops, its relaxant 56 years, 

achon is 20 times as gteat as trasentin 

* This drug was supplied to us by Dr. Guy Clark, Lederle Laboratory, Pearl River N Y 
Nriiose courtesy is hereu-iffi gratefully acknowledged. Use of the trademark name Artane to 
desirable as there is at present no other substitute for the lengthy chemical 

Seated teaTzT'sS 

C6o5) 
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3 w’ith hyoscine immediately prior to treat- 
ment with Artane. Two of the arteriosclerotic 
group were receiring hyoscine. These drugs 
afforded a mild to fair degree of control for 
the varied s}'mptoms from which patients of 
both groups suffered. The remainder of the 
patients had been given similar medication 
at one time or another wnth little improve- 
ment. However, in no instance had any of 
them received a drug for tlie parkinsonism 
during the month immediately preceding 
treatment xsnth Artane, Eleven of the 12 
patients who were under treatment with 
atropine or with atropine and hyoscine were 


deprived of all medication for 3 days prior 
to starting the Artane therapy. These 11 
patients lapsed into an exaggeration of their 
symptoms at the end of this 3 day period. 

All but 2 of the patients were then 
started on 2 mg. of Artane 3 times daily; 
these were given 2.5 mg. 4 times daily and 
5 mg. 3 times daily, respectively. 

Course and Results of Therapy. 
I'Vithin the first 3 days of therapy, 21 
of the 23 subjects were much improved, 
and those previously taking atropine 



Fin. 1. Clinical Experiences in Parkinsonism \rith a New T)^e of Antispasmodic, 3-(l- 
Piperidyl)-l-Phenyl-l-Cyclohex)’l- 1-Propanol Hydrochloride {“Artane— 275”). 

* Tlie numerals at the top of each column refer to specific periods of time: 

FORE— A widely varying control period. 

1. Three day period without medication. 

2. First week of Artane. 

3. Ma.\imum effect of Artane. 

4. Placebo, third da_v. 

5. First week after return to Artane. 

6. Ma.ximal effect after return to Artane. 

The base line of zero (0) indicates the status of the patient for each individual rubric before 
receiving Artane, i.c., the condition as observed when under no treatment or w’hcn receiving 
hyoscine or atropine. A minus one (—1) indicates mild to moderate e.xaggcration of the 
.symptom, wiiile a minus two (—2) indicates marked exaggeration. Similarly', plus one (+V 
indicates a moderate degree of improvement and plus two (+2) a marked improvement. 

a. Numerals in parentheses indicate the number of ca.ses. 

b. Data in period 1 represent only those patients who had been receiving treatment of 
some type during the "fore” period. 

c. Periods 2 and 5 represent effects of Artane during first week of use. Periods 3 and 6 
represent ma-rimum obtainable effects, usually seen by end of 2d week. 
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or hyoscine felt as well if not better 
tlian they had while using maximum 
tolerated doses of these drugs. By the 
end of 1 week all were in better con- 
dition in most respects than they had 
been with previous medications. At 
the end of the second week there was 
further improvement. Then there was 
a ‘leveling oflE” with little increase in 
effects by raising the daily dose from 
6 to 8 mg. However, improvement was 
maintained indefinitely without the 
development of tolerance or a “wear- 
ing off” effect. At least this statement 


month period of treatment with Artane. 
The third patient with such crises was 
improved, as her attacks appeared 
about 1/5 as frequently as before 
treatment was instituted. 

Improvement in the emotional status 
of the patient was observed in 19 
instances. There was an increased 
“sense of well-being.” The subject 
seemed more cheerful, more alert and 
more interested in has surroundings. 
Three persons showed no emotional or 
mental improvement, and one, whose 
manifestations will be discussed later. 


TABLE 1. SUMMARY OF EFFECTS OF TREATMENT OF PARKINSONISM 


A* • 



WITH ARTANE 




Improvement 

No 


Manifestation Total Cases 

Marked 

Slight 

Improvement 

Remarks 

Rigidity 

23 

12 

10 

1 


Tremor 

23 

15 

5 

3 


Gait 

Excessive 

23 

11 

6 

6 

5 cases never had excessive 

Salivation 

18 

7 

4 

7 

Salivation 

Oculogyric Crisis 

3 

2 

1 

0 

Of S cases who had had 
oculogyric crises, 2 never 
had any during 10 months 
with Artane and both fre- 
quency and duration were 
markedly reduced in the 
other case. 

Mental Attitude 

23 

10 

9 

4 

1 patient became nervous 
and another who was senile 
and disoriented became 
more confused with moder- 
ate (6 to 7.5 mg.) doses of 
Artane. 


holds for the period of 10 months that 
most of our subjects have been under 
continuous observation. They are sum- 
marized in Table 1 and Fig. 1. 

There was a marked diminution of 
muscular rigidity in all patients, a 
decreased intensity of tremor in 20 
and an improvement in gait in 17. 
Of the 18 subjects who initially suf- 
fered from excessive salivation and 
drooling, 11 were partially or com- 
pletely relieved thereof and 7 saw no 
improvement in tliese manifestations. 
In 2 of 3 subjects, oculog)Tic crises 
disappeared entirely during the 10 


became much confused while taking 
the Artane. 

After 10 weeks of treatment with 
Artane, 9 patients were given a 
placebo. In physical characteristics, 
tliis placebo resembled the Artane and 
was similarly packaged with a dis- 
tinguishing lot number so that nurses 
and attendants were unaware of its 
true nature. Within 3 days most of the 
patients showed the effects of ihe with- 
drawal of Artane (Fig. 1). Many of 
the patients who had been walking 
about the ward while recemng Artane 
were again confined to bed. They 
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Stated that tbeir musdes had “tightened 
up” and that they felt weak. Some said 
they had difficulty in swallowing. One 
developed an aspiration pneumonia 
which was successfully treated with 
penicillin. Some had a noticeably 
increased difficulty svith articulation. 
The majority became apprehensive 
and wanted to know what was hap- 
pening to them, as “the drug” seemed 
no longer “to be working.” The tremors 
increased and salivation, even to the 
point of drooling, recurred. The 
majority again experienced greater dif- 
ficulty in feeding tliemselves and in 
drinldng without spilling. Those that 
were still walking were more handi- 
capped in this regard than while under 
treatment. 

These patients had regressed so dra- 
matically by the end of 3 days that 
they were returned immediately to 
therapy wth Artane. Three days later 
they had recovered a major portion of 
their lost ground. By the end of 1 week 
after returning to the use of Artane, 
they had almost regained the progress 
previously made by the aid of that 
drug. Before the end of the second 
week they had again achieved the 
maximum of improvement previously 
obtained. They no longer showed a 
look of apprehension but instead 
seemed fairly cheerful. Drooling 
stopped or diminished,- rigidity and 
tremors were lessened; gait was 
improved and they were better able 
to feed themselves. 

At a later date, in 7 additional 
patients, placebo was substituted for 
Artane without their knowledge. Their 
experiences were similar in all particu- 
lars to those of the first group of 9 
subjects so treated. They went “dowm- 
hill” in 3 days and were returned to 
treatment \rith Artane at the end of 
that time. 

In 1.5 patients, periodic determina- 
tions were made for blood sugar, cre- 
atinine, and urea nitrogen. Routine 


urinalyses and complete blood counts 
were simultaneously performed. These 
examinations were carried out at first 
weekly, later semi-montlily and finally 
monthly. In no instances were there 
significant changes in the results of 
any of these tests. 

Toxic Reactions to Artane. One 
man and 1 woman, ages 76 and 54 
years, respectively, showed some un- 
favorable reactions due to Artane. The 
man belonged in the arteriosclerotic 
group and had been disoriented with 
memory defects prior to tlie medica- 
tion. During the second week, when 
he received Artane at tlie rate of 9 mg. 
per day, his disorientation and confu- 
sion were furtlier aggravated. Fecal 
incontinence developed and he fell 
several times while walking. In spite 
of these disturbances, there was some 
improvement in otlier respects. His 
rigidity and tremors decreased; he 
moved and walked faster. One week 
after discontinuing Artane he was in 
statu ante quo. At a later date follow- 
ing the use of TA mg. of Artane per 
day the same unfavorable reactions 
recurred. Again he was deprived of 
Artane and again returned promptly to 
his former condition. A few weeks 
later he was tried \vith a single dose 
of Zfi mg. per day. Mild improvement 
occurred in symptoms such as rigidity, 
tremors and gait; no unfavorable reac- 
tions appeared. 

The 54 year old woman who devel- 
oped a reaction to Artane belonged in 
the post-encephalifa'c group of sub- 
jects, and was not able to take 1.25 mg. 
of the drug daily without developing 
nausea, dizziness and, or, vomiting. 
Tlie drug was tried in 3 different guises 
on 3 different occasions, always with 
the same result. That this was a central 
rather than a local gastric effect was 
demonstrated by the fact that admin- 
istration of the drug in an enteric 
coated capsule did not prevent the 
appearance of symptoms. 
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In order to test human tolerance for 
die drug, 5 cases were selected to 
receive gradually increasing doses. The 
daily amount was raised from the ini- 
tial level of 8 mg. to 15, 18, 20, 22, 
24, 26, 28 and 30 mg. respectively at 
weekly intervals. When 18 mg. were 
given daily, one 30 year old woman 
developed blurring of vision. The same 
symptom occurred in a second subject, 
a man 37 years old, when 20 mg. were 
ingested daily, and in a third patient, 
a man of 60 years, when 28 mg. were 
taken daily. Upon tlie exhibition of 
these symptoms, these 3 patients were 
returned to their former dose of 8 mg. 
daily, with complete relief of symp- 
toms. With diis reduction of dosage, 
there was a transient increase in sali- 
vation, which returned to its former 
basal level of improvement after 3 or 4 
days without any further alteration in 
treatment. The 2 remaining cases have 
shown no symptoms of a toxic nature 
despite the' fact that they have now 
been on very large doses of the drug 
for 8 weeks and on 30 mg. daily for 1 
week. One observation has puzzled us. 
In doses of 20 mg. daily and more, the 
Parkinsonian phenomena were not 
quite so well controlled as when lower 
doses were used. This statement ap- 
plies particularly to the rigidity, trem- 
ors and gait. "Wliat significance has 
this phasic action? 

Summary. Twenty-three patients, 17 
witli postencephalitic and 6 with arteri- 
osclerotic parkinsonism were treated 
with Artane. All cases showed some 
impro\'ement and most of them a 
marked improvement over and above 
their status under either atropine or 
hj'oscine therapy or a combination of 
the ti\^o. The greatest changes were 
obser\'ed in the rigidity, tremors. 


drooling, gait and mental outlook. Of 
the 3 cases that had had oculogyric 
cries, 2 were free of attacks for the 10 
months during which Artane was 
administered. In the third subject they 
were lessened in frequency and shorter 
in duration. Two subjects developed 
unfavorable reactions, which disap- 
peared promptly following cessation of 
therapy. No changes of pathological 
import were observed under Artane 
therapy in the blood counts, urinalyses, 
or blood chemical constituents (sugar, 
urea nitrogen, and creatinine) of any 
of the subjects. 

Conclusions. It is held that Artane is 
a valuable medicament for the ameli- 
oration of symptoms of parkinsonism, 
probably more so in the postencephali- 
tic subject than in the arteriosclerotic 
patient. Its chief advantage over the 
antispasmodics in common use, par- 
ticularly those of the belladonna group, 
lies in the wider margin existing 
between the effective and toxic doses. 
For instance, Artane in therapeutic 
doses does not cause annoying dryness 
of the throat or blurring of vision; 
belladonna frequently does. 

Another advantage of Artane over 
the belladonna preparations is the 
absence of any tolerance to its salutory 
effects. The doses do not have to be 
continuously increased in order to 
maintain its action. 

The effective safe daily dose of 
Artane was found to lie between 6 and 
15 mg. Toxic symptoms, such as blur- 
ring of vision, were first in evidence 
when 18 to 20 mg. per day were 
employed. 

In general one may say that Artane 
has made life more endurable for these 
patients than it had been with previous 
types of medication. 


REFERENCES 

1. Cunningham, W., Hamed, B. K., Clark, M. C., Cosgrove, R., Dauehertv N S 

AlcolmiT N Pharmacologj' of Some Omega Mono-Pi^ridino TeSU 

2 T Anhspasmoic Agen^te, J. Pharmacol and Exp. Therap. (In pris). ^ 

2. Hamed, B. K., and Cunnmgham, Rajmond W.: Personal con^unication 



THE ASSOCIATION OF HYPOPROTEINEMIA WITH SE\TERE 

TROPICAL SPRUE” 


By Gxjillermo Gabcxa. Lopez, MD. 

ASSISTANT PROFESSOR OF GENERAL PATHOLOGY, UNn’ERSITY OF HAVANA 

Fernaisdo Mn^ANEs, M.D. 

ASSISTANT PROFESSOR OF GENERAL PATHOLOGY. UNn'ERSITT OF HAVANA 

Tom D. Spies, M.D. 

professor of nutrition ANT) METABOLISM, NORTHWESTERN UNTXTRSm', CHICAGO 
DIRECTOR. NUTRITION CLINIC, HILLMAN HOSPITAL, BIRMINGHAM. ALABAMA 

Reuben Lopez Toca, M.D. 

INSTRUCTOR IN GENTRAL P.ATHOLOGY, UNIVERSITY OF HAVANA 
WILLIAMS-WATERMAN FELLOW IN NUTRITION 

Tomas Abamburu, M.D. 

WILLIAMS-WATERMAN FELLOW IN NUTRITION 
AND 

Hady Lopez, Ph.G. 

LABORATORY ASSISTANT. GENTRAL CALIXTO GARCIA HOSPITAL 
BIRMINGHAM. ALABAMA, AND HAVANA, CUBA 


(From the Nortinvestem Universih- Studies in Nutrition at the General Calixto Garcia 
Hospital, University of Havana; and the Department of Nutrition 
and Metabolism, Northwestern Universit}’) 


For generations, tropical sprue has 
been regarded as a chronic wasting 
disease which occurs in tropical coun- 
tries and is characterized by glossitis, 
diarrhea, and steatorrhea^-®'^-'’’-®. Per- 
sons with tropical sprue may have no 
anemia, or the)' mat' hax'e a macro- 
cytic or a microcytic anemia. The 
pathogenesis of the syndrome is not 
clearly understood and for that reason 
many theories have been adx'anced to 
c.vplain its causation. Most of the the- 
ories have attempted to e.vplain the 
disease as an infection or as a nutri- 
tional deficiency. For the past 3 years 
the authors have been studying tropi- 
ca! spnic in Cuba in an attempt to 
tlirow some liglit on its etiolog)'’"-®. 
This general study is being con- 
tinued but because there have been 
so manv patients who have given a 


histor)' of a low protein intake and 
because so many have had edema, a 
special study of tlie plasma proteins 
has been made. It is this aspect of die 
study of tropical spnie w'hich is being 
reported at this time. 

Materials and Methods. The authors arbi- 
trarily selected 155 cases of tropical sprue 
for study, using the following 8 criteria: 1, 
Macroc)-tic anemia; 2. Red blood count of 
2.5 million or less; 3, Color inde.x of 1.0 or 
more; 4, Megaloblastic arrest of the sternal 
bone marrow; 5, Flat oral glucose tolerance 
curve; 6, Free hydrochloric acid in the gastric 
contents after histamine stimulation; 7, “Fatty 
stools”; S, Weight loss. 

From these 155 patients with tropical 
sprue, 121 were selected for study of their 
plasma proteins. Their red blood ecll and 
licnioglobin levels were especially low and 
they had citlicr clinical evidence of edema or 
a dietarx’ history suggesting a low protein 
intake. Plasma protein studies were made by 
the method of Greenberg-. 


• Tliis studv was supported by grants from Swift and Company and from the I-ondacion 
dc Investigaciones Medicas of Hav.ana, Cuba. 
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Eighty of these patients had total plasma 
protein levels of 6.0 gm. per 100 cc. or below 
and 41 had levels above 6.0 gm. per 100 cc. 
(The 41 patients with levels above 6.0 gm. 
were excluded from further study of their 
protein metabolism but were studied inten- 
sively as to their blood regeneration.) The 80 
patients with total protein levels of 6.0 gm. 
or below were selected arbitrarily for fur- 
tlier study of their protein metabolism. Of 
these patients, 22 were females and 58 were 
males. One of the females was under 20 years 
ol age; 2 were between 21 to 30 years; 3 
between 31 to 40; 4 between 41 to 50; 6 
between 51 to 60; 6 between 61 to 70. Seven 
of the males ranged in age from 30 to 40 
years; 9 from 41 to 50; 11 from 51 to 60; 
24 from 61 to 70; 7 from 71 to 80. 

The patients were hospitalized in a special 
ward for sprue and were under constant 
supervision and observation. From the day 
of their admission throughout the course of 
the study they were restricted to a diet 
consisting only of bread, cereals, viandas (root 
vecetables grown in Cuba), fruit, sugar, and 
coffee. 

When the baseline determinations of red 
blood cells, white blood cells, hemoglobin, 
reticulocytes, and plasma proteins were com- 
pleted, the patients were given folic acid. 
All except 1 patient were given from 10 
to 100 mg. by mouth daily for from 10 to 
160 days. One patient received 1 injection 
of 50 mg. of folic acid and 34 days later a 
second injection of 15 mg. 

Observations. With an average of 2 
or more plasma protein determinations 
in each case, the total protein was 6,0 
gm. per 100 cc. or under in each case. 
In no case was the total protein below 

3.0 or over 6.0 gm. Five cases had total 
protein between 3.0 and 3.5 gm.; 11 
betxveen 3.6 and 4.0 gm.; 15 between 

4.1 and 4.5 gm.; 12 between 4.6 and 

5.0 gm.; 11 between 5.1 and 5.5 gm.; 
and 26 between 5.6 and 6.0 gm. In 
14 cases the albumin ranged from 1.5 
to 2.0 gm.; in 31 cases from 2.1 to 

3.0 gm.; in 29 cases from 3.1 to 4.0 gm. 
and in 6 cases from 4.1 to 5.0 gm. The 
globulin in 22 cases ranged from 0.5 
to 1.5 gm.; in 24 cases from 1.6 to 2.0 
gm.; in 26 cases from 2.1 to 2.5 gm.; 
and in 8 cases from 2.6 to 3.0 gm. 

The hemopoietic and clinical re- 


sponse to folic acid therapy is illus- 
trated in 3 representative case histories 
(Gases 1, 2 and 3). Also illustrated in 
these case histories are: the effect of 
an increased intake of animal protein 
on the plasma proteins in Case 1; the 
effect of long-continued subsistence on 
a diet low in animal protein on the 
plasma proteins in Case 2; and the 
effect of a special protein supplement 
on the plasma protein levels in Case 3. 

Case 1. J. C., a 63 year old Cuban street 
vendor, was adinitted to tire General Calixto 
Garcia Hospital in November of 1945, com- 
plaining of diarrhea, weakness, and weight 
loss. 

Family History and Past History: Irrele- 
vant. 

Present Illness: Seven months prior to 
his admission the patient noted for the first 
time a diarrhea characterized by tlie passing 
of from 3 to 4 large, yellow-colored, foul- 
smelUng stools daily which were accom- 
panied by pain in the rectum and abdominal 
cramps. Soon afterwards his tongue felt 
swollen and sore and he realized that hot 
or acid foods caused it to bum; he noticed 
also that it was very red, especially at the 
tip. At that time he consulted a physician 
who gave him a total of 15 cc. of liver 
extract intramuscularly which relieved his 
symptoms. After that he had several recur- 
rences of soreness of the tongue and diarrhea 
which always were relieved following liver 
extract tlierapy. Four months after he first 
became ill and 3 months prior to his admis- 
sion to tlie hospital, the loss of appetite and 
strength, the diarrhea, and the soreness of 
the tongue became much more pronounced 
than before. By this time his appetite was 
so poor he ate only small amounts of corn- 
meal, viandas (root vegetables grown in 
Cuba), and occasionally a glass of milk— a 
diet which supplied far less than the recom- 
mended allowances of nutrients. (See Fig. 1.) 
Within 3 months he lost 25 pounds in weight 
and he was so weak he spent most of tlie 
time in bed. On the advice of a friend he 
came to tlie hospital for treatment. 

Physical examination showed a small, pale, 
undernourished man who appeared to he 
extremely weak. Both the skin and tlie 
mucosa were very pale and the skin had a 
yellowish cast. The tongue was swollen, slick, 
and red. The heart, lungs, and nen'ous sys- 
tem were normal. 

Laboratorj’' Findings: The blood values on 
admission were: red blood cells 1.60 milhon; 
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Fic. 1. Case 1 (J. C.). Nutrients supplied by diet of patient with tropical sprue before and 
after folic acid therapy contrasted with the recommended allowance of nutrients. 



< J S ’ » " » u 17 n II jj ti rj j, „ ,i n )9 •*' <1 <5 *7 

DA.VS 

Fig. 2. Case 1 0- C.). Hemopoietic response to folic acid of a patient with tropical sprue. 
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white blood cells 5,150; hemoglobin 6.9 gm. 
(44%); reticulocytes 1.1%. Repeated gastric 
analyses showed free hydrochloric acid in 
the fasting specimen of tire gastric juice. An 
oral glucose tolerance test showed a flat 
curve. The stools were liquid, yellow, and 
foamy, and contained particles of undigested 
food. Microscopic study revealed no ova, 
cysts, or parasites. Tests for occult blood 
gave negative results. An average of 3 plasma 
protein determinations showed: total protein 
5.0 gm. %; albumin 2.8 gm. %; globulin 2.2 
gm. %. 

After the base line studies were com- 
pleted, die patient was given 10 mg. of folic 


improved gradually imtil they approached 
normal by the 15di day. By the time he was 
discharged from the hospital after 48 days 
on folic acid therapy, he had gained 15 
pounds in weight. At this time his plasma 
protein levels were: total protein 5.4 gm. %; 
albumin 3.2 gm. %; globulin 2.2 gm. %. 
When he was discharged he was advised to 
eat a diet which included liberal amounts 
of meat, fish, eggs, and milk, and was asked 
to return at frequent intervals for follow-up 
studies. As can be seen in Fig. 1, his diet 
at home improved greatly in comparison with 
what it had been prior to treatment. One 
and one-half years after he left the hospital. 
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all the protein waj from vegetable JOURCEJ 


Fig. 3. 


Case 2 (P. E.). Nutrients supplied by diet of patient with tropical sprue before and 
after folic acid tlierapy contrasted to recommended allowances of nutrients. 


acid daily by mouth. On die 7th day of 
dierapy the reticulocytes reached a peak of 
26%. This was followed by a steady increase 
in red blood cells and hemoglobin and when 
he was discharged after 48 days on treat- 
ment, his counts were as follows: red blood 
cells 3.60 million; white blood cells 5,850; 
hemoglobin 12.7 gm. (83%) (See Fig. 2). Clin- 
ical improvement began on the 4th day of 
dierapy wtli a sudden increase in strength, 
appetite and food intake, and a great im- 
provement in die glossitis. The diarrhea 
began to subside on die 6th day and the 
color, consistency, and volume of die stools 


his plasma protein levels were: total protein 
7.2 gm. % (albumin, 4.6; globulin, 2.6). 

Case 2. P. E., a 65 year old Cuban copper 
mine worker was admitted to the General 
Calixto Garcia Hospital in November of 1945, 
complaining of diarrhea, loss of appetite, 
weakness, and weight loss. 

Family History and Past History; Irrel- 
evant. 

Present Illness: Five years prior to his 
admission to the hospital, die patient devel- 
oped diarrhea, loss of appetite, and loss of 
strength, and his mouth and tongue became 
sore. For the first time in his life he passed 
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2 or 3 liquid to soft, light-colored stools 
each day and within a week tlie number 
liad increased to 8 to 10 daily and tliey 
were yellow, foul-smelling, foamy, and 
accompanied b}' severe abdominal cramping. 
He was given h\’er extract injections by liis 
physician and following this tlierapy his 
sj-mptoms disappeared. He remained well 
for 4J; years and tlien suddenly the 
diarrhea returned and he lost liis appetite, 
strength, and bod)' weight. His tongue 
became so sore he could eat notliing but 
soups made with xiandas (root vegetables 
grown in Cuba), rice, coffee, and a little 
milk. The nutrients supplied by liis diet at 


volved botli lower legs (see Fig. 4). There 
was profound abdominal distention. The 
heart, lungs, and nervous system appeared 
normal. 

Laboratot)' Findings: The blood values on 
admission w'ere: red blood cells 2.30 million; 
wiiite blood cells 7,900; hemoglobin 8.3 gm. 
(5456); reticulocytes 1.0%. Repeated gastric 
analyses showed free hydrochloric acid in 
tlie fasting gastric contents. An oral glucose 
tolerance test show'ed a flat curx’e. The stools 
W'ere liquid, yellow', and contained undigested 
particles of food. Microscopic study show'ed 
no ova, C)'sts, or parasites. Tests for occult 
blood W’ere negarive. The averages of 3 



Fir.. 4. Case 2 (P. E.). Pilling edema of lower legs. 


this time arc shown in Fig. 3. Throughout 
the 6 months following he continued work- 
ing cveiy dav despite extreme weakness and 
during this period he lost 30 pounds in 
weight. At the end of this time he was 
brought to the hospital for treatment. 

Plnsical examination showed a small, 
extrenielv underweight man who appeared 
we.ak and desperately ill. The skin was pale, 
drx'. and loose, and indicated loss of much 
sulvculancous fat. The conjunctis'ae, oral 
luutosa, and mil Ix’ds were exceedingly 
pile. Tlie tongue was smooth and fieiy red 
along the edges. Severe pitting edema in- 


pl.isina protein determinations xverc; total 
protein 3.6 gm. % (albumin 2.4, globulin 
1 . 2 ). 

After the b.asc line studies xvere eom- 
pleted. he was gix'en 10 mg. of folic acid 
daily by mouth. On the 8th d.ay the rclicu- 
locxtcs reached a peak of 12.5%. When he 
was discharged after 46 d.ays on therapy, 
his counts, as can be seen in Fig. 5, xverc 
as folloxx's: red blood cells 3.90 million; xx'hile 
blood cells 12,550; hemoglobin 11.0 gm. 
(717); rcticulocx tes 0.67. Three d.ays after 
therapy xvas initiated, his appetite increased 
so that he ate all the food on his tr.ays and 
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asked for more. At this time he volrmteeied 
that he felt stronger and he began walking 
around the ward and visiting \vith other 
patients. There was considerable improve- 
ment in the glossitis, and 2 days later it 
disappeared. The diarrhea began to subside 
on the 3rd day of therapy and at tire end 
of 2 weeks tire stools were still soft but 
approached normal color. When he was dis- 
charged, after 46 days on treatment, he 
had gained 11 pounds in weight. 

Case 3. A. M., a 66 year old Cuban 
school teacher, was admitted to the General 
Cahxto Garcia Hospital in August of 1948, 
complaining of weakness and diarrhea. 

Family History and Past History; Irrel- 
evant. 


extract gave some relief at first but grad- 
ually it seemed to become less and less 
effective. His appetite throughout these 8 
months was very poor and his diet consisted 
chiefly of small amounts of rice, beans, 
xiandas (root vegetables grow in Cuba), 
commeal, bread, sugar, and coffee. As can 
be seen in Fig. 6, Iris diet supplied only 34% 
of tire recommended allowance of protein 
and all of tlris was from vegetable sources. 
One montlr prior to his admission to the 
hospital he became so weak he was forced 
to give up his position as a school teacher. 
From tlris time until he came to tire hos- 
pital seeking treatment, he spent most of 
his time in bed. 

Physical examination showed a xvell- 



Present Illness: Five years prior to his 
admission to tire hospital he developed severe 
diarrhea, lost Iris appetite, and lost weight 
and strong^. His physician prescribed injec- 
tions of liver e.xtract, and following tliis 
therapy his sjmiptoms disappeared. During 
tlie following 4 years he had several recur- 
rences of tliese S)’mptoms rrhich always 
were reliex'ed by lix’er e.vtract. Eight months 
prior to his admission he developed severe 
diairhea consisting of from 15 to 17 waterv% 
yellonash-green, foamy stools daily which 
ncre preceded by intestinal cramping. Liver 


developed, edematous, and emaciated man, 
acutely and severely ill. He had dyspnea 
and oitliopnea and was unable to walk or 
stand. Areas of pellagrous dermatitis xvere 
present on the dorsum of the hands, fore- 
arms, ankles, feet, and legs. The skin over 
tlie entire body was dry and inelastic. The 
conjuncKvae, nail beds, and oral mucosa were 
pale. He had no teeth and his tongue xvas 
red along the border and at the tip. Pitting 
edema was present as high as the lower 
tliigh. 

Laboratory' Findings; The blood values on 
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• ttvoat thi AOOiTios th 6 PsorciN .suPPLCM£»4r all the paoteim im the diet was from v£GEta6le sources. 

WITH The AOOlTlON OF Th& PROTLlN .SUPPLEMENT IS */• OF THE PROTEIN IN THE DiET WAS FROM VEGETA6LE 
souacEJ ano as H was from animal sources 
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ALLOWANCES or nutrients RECOMMENDEO bY COUNCIL ON FOOD AND NUTRITION NATIONAL RESEARCH COUNCIL. 
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Fig. 6. Case 3 (A. M.). Nutrients supplied by diet of patient wtli tropical sprue” and 
h)'poproteinernia before and after tlie addition of a protein supplement. 
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Fig. 7. C\‘.r, .3 M.). Ilcmopoiclic response of a patient ssalb tropic.al spnic to folic acid. 
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admission were; red blood cells 1.27 million; 
hemoglobin 5.1 gm. (33%); reticulocytes 0.4%. 
Repeated gastric analyses showed free hydro- 
chloric acid in the fasting gastric contents. 
An oral glucose tolerance test showed a fiat 
curve. The stools were yellow, liquid, gas- 
eous, foul-smelling, and voluminous, and con- 
tained particles of undigested food; micro- 
scopic study showed no ova, cysts, or para- 
sites, and tests for occult blood were nega- 
tive. The averages of 3 plasma protein 
determinations were; total protein 3,9; 
albumin 2.2; globulin 1.7 gm. %. 

He was given 50 mg. of folic acid intra- 
muscularly. Three days later his appetite 
improved considerably and he said he felt 
stronger. Six days after therapy, the diarrhea 
decreased from 8 to 10 liquid stools daily 
to from 1 to 3 partially-formed, pasty, less 
foul-smelling stools which were somewhat 
more brownish in color than tlrey had been 
previously. The reticulocytes reached a pealc 
of 13.2% on the 6th day following therapy 
(see Fig. 7). On the 13tlr day, the blood 
counts were; red blood cells 1.91 million; 
wliite blood cells 5,500; hemoglobin 6.9 gm. 
(44%); reticulocytes 1.0%. Thirty-four days 
after tlie injection of folic acid, tire blood 
values were: red blood cells 1.60 million; 
white blood cells 3,150; hemoglobin 6.4 gm. 
(41%); reticulocytes 0.4%. B)' this time the 
volume of the stools had increased and tirey 
again became liquid, yellow, and foamy. The 
glossitis also reappeared. He was given 15 
mg. of folic acid intramuscularly. Seven days 
later fire reticulocyte count reached a pealc 
of 6.4%. Eleven days later the red blood 
cell count was 2.20 million; white blood 
cells 4,200; hemoglobin 6.6 gm. (43%); reticu- 
locytes 0.8%. The diarrhea and glossitis sub- 
sided 4 days after the injection of folic acid. 
He remained very' weak, however, and his 
protein levels were essentially the same as 
they were at the time of Iris admission to 
the hospital. 

The protein deficiency was so severe in 
this patient that it was decided to give him 
a special protein supplement. During tire 
course of 24 hours he was given in addition 
to the xvard diet a supplement, totaling 200 
gm., of "Tomac” (a mi.\ture of calcium, lacto- 
albumin, food j'cast, sugar, de.xtrin, etc., 
with a protein content of 70%) mixed willr 
1,000 cc. of whole milk, thus adding to Iris 
daily food intake 175 gnr. of protein and 
1.316 calories. (See Fig. 6, which shows 
the nutrients supplied by Iris diet before 
and after tlic addition of Qie protein supple- 
nrent.) The patient tolerated the supplement 
well and Iris condition improved rapidly. 
M ithiir 10 days he had no clinical eridence 


of edema. He appeared very emaciated at 
tlris time. The protein supplement was con- 
tinued for an additional 2 weeks and he 
continued steadily to gain weight and 
strength. During tire 3rd week Ire was able 
to sit up in bed and began to walk wdtlr 
support from others. During tire 4tli week 
on the protein supplement Ire could walk 
unaided. He developed a sense of well-being 
and wished to return to Iris work. The 5th 
week after initiating the protein supplement 
he was able to walk to Iris home, which 
was a short distance away. By tlris time 
his plasma protein levels had increased to; 
total protein 5.2 gm. % (albumin, 3.6; 
globirlin 1.6). 

Summary and Conclusions. Of 155 
cases of severe tropical sprue in Cuba 
who gave a history of eating a diet 
which contained little or no animal 
protein, 121 were selected for study. 
Of these patients, 80 had a total 
plasma protein of 6.0 gm. % or less. 
Repeated determinations showed that 
the lowest total protein was 3.2 gm. %. 

Despite the low protein levels of the 
blood and the presence of clinical 
edema in 81 patients, a hemopoietic 
response to folic acid occurred in each 
case of tropical sprue. In 20 cases there 
was a transitory but significant in- 
crease in the edema associated with 
this hemopoietic response. 

Tliese patients regenerated red 
blood cells and hemoglobin despite 
their subsistence on a diet devoid of 
animal protein. The authors gained the 
distinct clinical impression that on this 
diet some of tire patients did not have 
as rapid a hemopoietic response as did 
other patients on a diet higher in pro- 
tein. 

It is remarkable, however, that the 
blood regenerated despite die fact that 
these patients remained on a diet re- 
stricted in animal protein throughout 
die time they were in the hospital and 
that in many cases die plasma protein 
decreased. These patients improved 
gready in health, strength, and vigor 
and many of them were able to resume 
work'. Nevertheless, in treating such 


GG8 


LOPEZ, IIIUVNES, SPIES, TOGA, ARA.MBURE, LOPEZ: 


patients, tlie autliors strongly recom- 
mend tlie use of high protein diets 
along with tlie antianemic tlierapy per 
se, as it is obvious tliat the body can- 


not make a'mino acids from folic acid, 
and tliat proteins of good quality 
(such as milk, meat, and eggs) also 
are needed for full rehabilitation. 
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(From the Peripheral Vascular Section of the Edward B. Robinette Foundation, 
Medical Clinic, Hospital of Uie University of Pennsylvania) 


Drugs used to dilate cutaneous 
blood vessels should, ideally, be selec- 
tive in their action. If tliey cause dila- 
tation of vessels in otlier areas simul- 
taneously, 3 disadvantageous phenom- 
ena may occur: 1, If the vasodilatation 
elsewhere is considerable it tends to 
divert blood from tlie skin. 2, General 
vasodilatation tends to reduce blood 
pressure; this in turn gives rise to 
vasoconstrictor reflexes which tend to 
counteract the desired cutaneous vaso- 
dilatation^". 3, If other vascular beds 
are dilated, an increase in cardiac out- 
put per minute will probably occur, 
and this might be undesirable in car- 
diac disease, which exists in many 
patients witli peripheral vascular dis- 
ease. Consequently, the following stud- 
ies were made in an attempt to evalu- 
ate the cutaneous selectivit}' of certain 
vasodilator tlierapeutic procedures. 
The criterion for increase in tlie cu- 
taneous circulation which was used 
was an increased digital skin tempera- 
ture in the presence of controlled en- 
vironmental conditions. The criteria 
for an increase in the circulation else- 
where tlian in die skin, designated in 
this paper as “splanchnic circulation” 
were increased pulse rate, decreased 


blood pressure, or increased cardiac 
output per minute (determined by bal- 
listocardiogram). 

Measurements of body temperature 
(oral and rectal) and of metabolism 
were made in order to learn whether, 
as in the case of ingestion of food, 
cutaneous vasodilatation in response to 
drugs results from an increase in body 
temperature and in metabolism. When 
this was found not to be so, in tlie 
case of several groups of subjects re- 
ceiving diSerent drugs, the measure- 
ments of metabolism were abandoned. 
The measurements of body tempera- 
ture, however, were continued, be- 
cause increases in cutaneous circula- 
tion, caused by various drugs, lowered 
body temperature in proportion to 
these increases. Measurements of body 
temperature afford further evidence of 
the effectiveness of drugs as cutaneous 
%'asodilators. 

Subjects, Materials and Methods. The sub- 
jects cliosen for the experiments were healthv 
adults of both sexes between 16 and 42 years 
of age. They reported for the studies without 
haxing had food for from 6 to 12 hours. 
They reclined, scantily clad in an examining 
gown and a sheet, on a ballistocardiographic 
table in a thermoregulated room. In most 
instances the room was kept at a ££±1° C. 

( 669 ) 
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{see Table 1), since it was found that this 
temperature induced a satisfactory but not 
excessive peripheral vasoconstriction within 
a reasonable time. Before measuring the 
effects of a drug or otlier procedure there 
was a control period sufficient to induce par- 
tial or complete peripheral cutaneous vaso- 
constriction and to establish nearly constant 
I’alues for all the phenomena measured. 

Each drug or other procedure was evalu- 
ated in a series of 3 to 11 instances, the 
shorter series being thought to be adequate 
when previous data supported them^'^. Only 
one procedure was carried out on any one 
subject on any one day. A control series of 
6 subjects was studied, using no vasodilator 
procedure. The following drugs and other 
vasodilator procedures were used; heat to 
body, food, alcohol, 2 benzyl 4, S-imidazoline 
11 Cl, acetyl-beta-inethyl choline chloride, 
tctracthylammonium chloride, and nicotinic 
acid. 

Pulse rates were taken from the radial 
artery and the ballistocardiographic tracings. 
Blood pressure was measured by the Riva- 
Rocci method. Cardiac output per minute was 
estimated by a ballistocardiograph of the 
Starr Upc^-* and tabulated as cc. per kg. 
per minute. Either mouth temperature or 
rectal temperature or faotli were regularly 
recorded. Skin temperature was measured by 
thermocouples held by adhesive tape to tips 
of fingers and toes. Digital blood flow was 
calculated from these measurements hy a 
relationship previously established*®, afford- 
ing semi-quantitative data (cc. per 100 cc. of 
digit per minute) on predominantly cutane- 
ous digital blood flow. Mouth temperature 
was measured directly by a clinical tlicrmom- 
(;tcr left under the tongue for at least 5 
minutes. Rectal temperature was measured 
by indwelling thermocouples. Metabolic rate 
was measured by means of a standard Bene- 
dict-Roth apparatus®. 

The following changes were taken to be 
significant: pulse rate of 10 beats or more 
jH-r min., blood pressure of 10 mm. Ifg., car- 
di;ic output of 10 cc. per kg. per min., and 
blond flow of 2 cc. per 100 cc. of digit per 
min. in the lower ranges of flow (0 to 10 
p(r 100 cc. of digit per min.) and of 5 to 
20 cc. in the higher ranges of flow ( 10 to 
100 cc. per 100 cc. of digit per min.)**. 
BliKid flow of I or 2 cc. per 100 cc. of 
tissue per min. represents minimal blood 
flow and figures of 50 cc. or more c.an be 
considered as maximal blood flow. 

Ilcsult-S. Control!:. Six normal .stih- 
jeet-s wore tiscd as controls (Talde 1). 
Slntlifs of pnisc rate, blood pressnre. 


cardiac output per minute, digital cu- 
taneous blood flow, and rectal tem- 
perature were made in die manner 
described above. After each prelimi- 
narj' period during which all measure- 
ments were becoming relatively con- 
stant, a needle was inserted momen- 
tarily deep into the skin without 
introducing any drug. Pulse rate, blood 
pressure and cardiac output per min- 
ute were not affected significantly in 
any case. In no instance was there any 
increase in cutaneous blood flow in fin- 
gers or toes. In the fingers there were 
2 instances in which there was an insig- 
nificant change, and in 4 tiiere were 
"significant” decreases from low levels 
to minimal after 2, 12, 35, and 26 
minutes. In the toes there was 1 in- 
stance in which there was an insig- 
nificant change, and in 5 there were 
slight but "significant” decreases in 
cutaneous blood flow from low levels 
after 18, 50, 30, 50, and 69 minutes. 
Rectal temperatures decreased in all 
instances during the preliminary pe- 
riod (average 0.1° C.). The decrease in 
rectal temperature was rapid until 
cutaneous vasoconstriction occurred. 
After vasoconstriction was approxi- 
mately complete with a "minimal” cu- 
taneous flow of digital blood, rectal 
temperature varied little, and no sig- 
nificant changes occurred as a result 
of the introduction of a needle into 
the skin. Basal metabolism was not 
studied in this group of controls. 

Heat. In 1942 our preliminary ex- 
periments*' .suggested tliat body warm- 
ing increased digital cutaneous blood 
flow with little change in cardiac out- 
put per minute. Tlie present sludie.s 
confinn this. Body warming was in- 
duced in 9 individuals. Two heating 
pads were applied to tiic trunk, and 3 
blankets to all but the head, 1 arm. 
and 1 foot, which were left uncovered. 
These circumstances are itnich ti)e 
same as those used by Lewis and 
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Pickering^'’, and Gibbon and Landis”, 
in relieving vasomotor tone. 

There were slight increases in pulse 
rate, in blood pressure, in cardiac out- 
put per minute, and in metabolic rate. 
Conspicuous reflex vasodilatation oc- 
curred promptly in tlie fingers and 
later, if at all, in the toes. The effect 
was usually maximal wnthin an hour. 
Sweating was usually profuse. Body 
temperature increased by an average 
of 0.1° C. 

Food. Meals of 200 to 800 calories 
were administered to 7 subjects over 
periods of 10 to 15 minutes. These sub- 
jects were kept in the recumbent posi- 
tion while eating. The contents of tlie 
meals were: protein 5 gm. to 40 gm., 
fat negligible to 240 gm. and earbohy- 
drate 40 gm. to 400 gm. The effects of 
high and of low caloric meals were 
so similar that they are reported to- 
gedier. 

Pulse, blood pressure, cardiac output 
per minute and cutaneous blood flow 
through tire fingers tended to increase. 
Unlike the experiments in 1942” there 
were no significant increases in cu- 
taneous blood flow through tire toes. 
We have no explanation for this. There 
was no wsible sweating. The average 
increase in body temperature was 
0.1° C., about tire same as in tire group 
subjected to body warming. In all but 
one instance there was a moderate 
increase of the metabolic rate. 

These results arc in general agree- 
ment witlr those of Roth and Sheard-® 
who made observations of the eftecl 
of 1 meal, or 2 to 4 meals in close 
succession, on the pulse, blood pres- 
sure, body temperature, metabolic rate, 
and changes in digital temperature. 

Ethyl alcohol Grollman” demon- 
strated diat 85 cc. of etliyl alcohol 
taken by mouth causes a slight increase 
in pulse rate, witlr an average of 4 
beats per minute beginning in 10 to 
30 minutes; and a slight rise in systolic 
and diastolic blood pressure, averag- 


ing 10% of basal values. The duration 
of the maximal effects in these cases 
was generally limited to witliin 10 to 
15 minutes. He concluded that “tire 
magnitude of tlris response is so small, 
however, that one cannot infer that 
alcohol is a stimulant to the circula- 
tion.” He stated that the relatively 
slight effect of alcohol on the cardiac 
output per minute would indicate tliat 
“the vasodilatation is probably limited 
to the peripheral vessels.” Cook and 
Brown® in 1932 had measured in skin 
temperatures in the fingers and toes 
following ingestion of 0.5 cc. of alcohol 
per kg. of body weight. Their studies 
were made at environmental tempera- 
tures of 24 to 26° C., and tliey demon- 
strated increases in skin temperatures 
of all subjects. Our previous observa- 
tions” had shown a considerable in- 
crease in the digital, cutaneous blood 
flow in response to oral alcohol, with 
little change in pulse rate, blood pres- 
sure, or cardiac output per minute. Cu- 
taneous blood flow increased conspicu- 
ously in fingers, but larger doses were 
requhed to cause striking changes in 
the toes. We have found no other re- 
ports of simultaneous measurements of 
cardiac output per minute and digital 
cutaneous blood flow. 

In the present experiments, 60 to 
150 cc. of whiskey, witlr an alcoholic 
content of 24 to 60 cc., were diluted 
and given to each of 5 subjects. In 1 
other instance a subject was given 600 
cc. of 5% alcohol intravenously within 
120 minutes, as fast as the subject 
could lolerate the pain in tire vein 
receiving it. No vasodilatation resulted. 
Tlris was followed by 60 cc. of whiskey 
by moudr, and vasodilatation then 
occurred. In none of the 5 experiments 
was tlrere more Bran mild euphoria. 
No significant change in pulse rate, 
blood pressure, or cardiac output per 
minute resulted. In every case large 
increases in cutaneous blood flow 
resulted in tire fingers. In all but 1 
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jDiui'iAiJ v^umaneous blood flow 


oiislij. stands observed an increa^ in 
cardiac output per minute resul\mg 
from subcutaneous injections of metiia- 
clioiine chloride (“mechol}d”-acetyl- 
beta-methyl choline chloride) in dose\ 
of 2 to 6 mg. We^’^ have reported the 
effect of such doses on digital cutane- 
ous blood flow in 6 instances. As in 
neither report were simultaneous 
measurements of cardiac output per 
minute and peripheral blood flow 
made, we have included a study of 3 
subjects. The results confirmed the 
previous observations. The changes 
were rapid and transient. In each in- 
stance methacholine chloride resulted 
in a conspicuous increase in pulse rate, 
a decrease in systolic blood pressure, 
and an increase in cardiac output per 
minute, Tlrere was no significant 
change in digital cutaneous blood flow 
or in body temperature. Metabolism 
was not measured. 

. Tetraethijlammonium chloride, in- 
travenously. Tetraethylammonium chlo- 
ride (Etamon) was administered 
intravenously in doses varying from 
200 to 500 mg. at the rate of 200 mg. 
per minute to 11 subjects. 

The prompt, conspicuous, transient 
changes were: increase in pulse rate, 
decrease in blood pressure, and in- 
crease in cardiac output per minute. 
The average maximum increase in 
pulse rate was 39 beats per minute, 
usually occurring within 5 minutes 
after administration of the drug; some 
effect often persisted for more than 
30 minutes. 

A transient decrease of blood pres- 
sure occurred almost invariably about 
3 minutes after the drug was given. 
This effect was seldom prolonged, and 
the initial decrease, though often 
marked, was never alarming. Since all 
subjects in the studies were required 
to remain in the recumbent position 
for an hour or more after any drug 
was administered, the orthostatic hypo- 
tension expected to result from tetra- 


ethylammonium chloride could not be 
studied. 

The cardiac output per minute 
increased in 10 of 11 subjects and in 
9 of these the increase was striking. 
The change was mainly owing to 
jncrease in pulse rate, there being little 
hange in stroke yolume. The ballisto- 
cWiogram has generally proyed to be 
an\dequate instrument for measuring 
chaiVes in cardiac output on the same 
patie^ at different times regardless of 
chang^ in rate”®. However, Frisk and 
his co-vprkers^® obtained results that 
differed nrom ours in 3 cases in which 
the cardi^ output was estimated by 
the direct Vick. In one of these cases 
in which thecomplete data were given, 
the pulse rate before drug admin- 
istration was 111. This brought up tlie 
question of whether or not the patient 
was in basal Condition at the time 
the drug was adn^iuistered. 

The effect of thi^Ndrug on digital 
cutaneous blood flow^is considerable 
in high dosage (400 mg.^(^r more) and 
under the conditions of vthe experi- 
ments; it is negligible in usual clinical 
dosage (300 mg. or less). In 4 of the 
6 subjects who received the larger 
doses cutaneous flow in the fingers 
increased conspicuously. In 4 a mod- 
erate increase in blood flow in the 
toes resulted. In contrast to the effects 
of the larger doses, 4 of the 5 subjects 
who receiv^ the moderate dosage 
showed no increase in cutaneous flow 
in the fii^erj or in tlie toes. In the 
fifth, the^ were moderate increases 
in cutan^us flow in fingers and toes. 

We cb not imply that moderate 
doses d this drug have no clinical 
usefuln£;s in peripheral vascular dis- 
ease, Brry and associates®, Friedlich 
and assiciates®, and Coller and asso- 
ciates'^, rave shown the usefulness as 


well asi 
doses 


the potency of these lower 

1 7 T n n*® P'^rpose of increasing 

the blo(fi flow in certain skeletal mus- 
cles. has pointed out its' 
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following this drug, was approximately 
the same as that in the control sub- 
jects, exposed to tlie same environ- 
mental temperature for the same 
length of time. We conclude that 
niacin, in these doses and under these 
conditions, had no measurable effect 
on digital cutaneous blood flow. 

Discussion. The maximal digital 
blood flow constitutes a considerable 
proportion of the cardiac output and 
is primarily cutaneous’®. It is enormous 
as compared with minimal digital 
blood flow. The fonner at 100 cc. per 
100 cc. of tissue per min. represents 
a total flow (all fingers plus all toes) 


In order to support such large 
increases in peripheral circulation 
eitlier an increase in cardiac output 
per minute or a decrease in circulation 
elsewhere in tire body must occur. As 
a matter of fact, we found tliat an 
increase in peripheral cutaneous blood 
flow was almost always supported by a 
cardiac output remaining at or increas- 
ing to at least a high normal figure. 
In the few instances when this was 
not the case it seems necessary to 
explain die support of the peripheral 
cutaneous increment in blood flow 
by vasoconstriction elsewhere {i.e., 
“splanchnic” vasoconstriction ) . Fur- 


TABLE II.-EFFECTS OF VASODILATOR DREGS AND OTHER PROCEDURES ON THE 
DIGITAL CUTANTIOUS CIRCULATION ANTD THE CIRCULATION ELSEWHERE 

(“SPLANCHNIC ” CIRCULATION) . 



ileta- 

Body Tein- 



boUsm 

pcrahirc 

BP 

Heat 

+ 

+ 

0 

Food 

++ 

+ 

0 

Alcohol 

-b 

— 

0 

Priscol 

— 

— 

+ 

(small dose) 
Methacholine 


0 

0 

Tetraethyl- 

0 



ammoniuiH 

— 

— 

Niacin 


+ 

0 


0 = insignific.int change 

' = slight but definite increase 

= considerable increase 
' rf = marked increase 

\ — slight but definite decrease 

tCj = considerable decrease 
- \ = marked decrease 

01 y/ ’ ’^00 CC. per min., tire latter at 

^ /' cc. tissue per min. rep- 

/ Co, >tal flow of some 8 cc. per 
nin. An average cardiac output is 
- «\iproximately 3500 cc. per min. Incre- 
ments in digital flow can amount, 
therefore, to some 10% of the total 
cardiac output per minute. Accompa- 
n}ong increases in cutaneous blood 
flow of the whole extremities are much 
greater, though not in proportion to 
the relative volumes of digits to whole 
extremities. 


Widespread 

Effects 

PR 

CO 

Local Effects 
Blood Floio 
Fingers Toes 

“Splanchnic' 


0 

+ + -b 

+-b 

— 

+ 

+ 

+4- 

0 

0 

0 

0 

4-1-+ 

-b 

— 

++ 

0 

-h-b 

+ 

— 

++ 

++ 

0 

0 

++ 

-f-++ H-+-)- 

-| [- 

++ 

+ 4 — b 

0 

0 


0 

0 


BP = Blood pressure 
PR = Pulse rate 


CO = Cardiac output per minute 


thennore, when striking increases in 
cardiac output per minute occurred, 
witliout proportional increases in cuta- 
neous blood flow, it seems necessary to 
conclude tliat splanchnic” vasodilata- 
tion prevented proportional increments 
in cutaneous blood flow. 

Table 2 shows the effects of the vari- 
ous drugs and other procedures on the 
local circulations and shows their more 
widespread (“splanchnic,” perhaps 
muscle) effects. 

In the case of body heating, inges- 
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output per minute increased only 
slightly; blood pressure, pulse rate, and 
metabolic rate changed little; and 
there was a slight increase of body 
(moutli or rectal) temperature. 

5. Food was an inconstant vasodi- 
lator, It increased tlie cardiac output 
per minute slightly but produced no 
significant change in blood pressure or 
pulse rate. Metabolic rate and body 
temperature were increased signifi- 
cantly. Food probably acted as a peri- 
pheral cutaneous vasodilator by raising 
body temperature. 

6. Alcohol caused a considerable in- 
crease of digital cutaneous flow despite 
a striking decrease of body tempera- 
ture. The cardiac output per minute, 
blood pressure, pulse, and metabolic 
rate, were insignificantly changed. 

7. Priscol by vein in moderate doses 
caused an almost invariable, small, but 
definite increase of tlie blood flow 
through the digits. There was no sig- 
nificant change in tire cardiac output 
per minute, although there was a 
slight increase of blood pressure. The 
pulse rate was insignificantly changed. 
Tliere was a fall of body temperature, 

8. Methacholine chloride caused no 
change in digital cutaneous flow in this 
set of experiments. Cardiac output per 
minute was increased. Blood pressure 
fell. Pulse rate increased, and body 
temperature remained unchanged. 

9. Only with high doses (400 to 500 
mg. intravenously) did tetraethylam- 
monium chloride regularly produce sig- 
nificant increases in digital cutaneous 
blood flow. Other changes were pro- 
duced by all doses (200 to 500 mg. 
intravenously), namely: an increase in 
cardiac output per minute, a fall in 
blood pressure, an increase in pulse 
rate, no significant change in meta- 
bolic rate, but a definite fall in blood 


pressure, an increase in pulse rate, no 
significant change in metabolic rate, 
but a definite fall in mouth or rectal 
temperature. 

10. Oral niacin caused no significant 
change in digital cutaneous flow, car- 
diac output per minute, blood pres- 
sure, pulse rate, or body temperature. 

11. Heat, alcohol, moderate doses of 
Priscol, and food caused selective vaso- 
dilatation of the skin of fingers and 
toes in varying degrees. Methacholine 
chloride and tetraetliylamonium chlo- 
ride caused widespread vasodilatation, 
unselective for the skin of the fingers 
and toes. 

12. High normal cardiac outputs 
usually accompanied digital cutaneous 
vasodilatation. 

13. In general, cutaneous vasodila- 
tation resulting from the drugs was 
not mediated by any increase in me- 
tabolism. 

14. Drugs causing the greater in- 
creases in cutaneous blood flow caused 
the greater decreases in body tem- 
perature. 

15. Sweating was an unimportant 
variable in decreasing body tempera- 
ture, or in decreasing cutaneous blood 
flow, in the experiments on drugs or 
on food. 

16. Mechanisms of action are dis- 
cussed. 

17. The vasodilator drugs which we 
studied are classified with reference 
to tlieir actions on peripheral cutane- 
ous blood flow and elsewhere as fol- 
lows: a, tliose increasing only tlie 
cutaneous circulation; b, those increas- 
ing the cutaneous circulation and cir- 
culation elsewhere; c, those failing to 
increase the cutaneous circulation, with 
or without increasing circulations else- 
where. 


We wish to extend our tlianks to Ciba Pharmaceutical Products, Inc. for supplyrng us witli 
Priscol (2-Benzyl 4, S-imidazoline HCl). The name Priscol has recently been changed to 
Pnscoline. We wish also to thank Parke, Davis and Company for the Etamon (tetraethylam- 
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part by a grant from Smith, Kline and French Laboratories. 
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To the laity "a very serious opera- 
tion” in a female usually means 
hysterectomy. Despite the enormous 
advances which have been made in 
the technical side of pelvic surgery, 
many people still regard hysterectomy 
as an heroic procedure, as indeed it 
was regarded a bare 50 years ago. It 
is of interest to refer to a standard 
text book® of the "Gay Nineties” and 
to read “removal of tlie womb is 
occasionally demanded” and also that 
“the extra-peritoneal treatment of the 
pedicle is recommended” meaning that 
“tlie pedicle or cervix is brought out- 
side of the M'ound and clamped tliere.” 

It took much courage for the early 
operators to suture the cervical stump 
and drop it back into the peritoneal 
cavit}^, at first witli and later without 
drainage. The operative technique has 
steadily improved, and for many years 
the subtotal hysterectomy, leaving the 
cerxTx in sHu, was tlie standard pro- 
cedure. In the development of the 
operation, certain operators chose die 
vaginal route as tlie metliod of choice 


while others preferred to extend the 
abdominal operation by removing the 
entire uterus. The pendulum lias 
swung back and forth on the merits 
of each type of operation and in tliis 
review an attempt shall be made to 
present authoritative opinion support- 
ing each view and let the readers get 
some idea of the relative values and 
also the risks involved. 

In contrast to the rarity of hyster- 
ectomy 2 generations ago, it is at pres- 
ent probably the most frequently 
performed gynecological operation. 

It is performed so often that many 
of the reparative and reconstructive 
pelvic operations are seldom seen in 
some clinics, as almost any deviation 
from tlie normal anatomy or physiology 
is deemed a sufllcient indication for 
removal of the uterus, with or without 
the adnexa. 

Miller^® has questioned whedier 
hysterectomy is a “therapeutic ne- 
cessity or surgical racket” and in order 
to find the answer be made a study 
based on 246 hysterectomies performed 

( 683 ) 


684 


PROGRESS OF MEDICAL SCIENCE 


in 10 different hospitals, botli large 
and small, in 10 different communities, 
m 3 midwestem states. He found a 
definite preference for tire incomplete 
or subtotal excision over the total by 
more than 2 to 1. Since tliis study 
represents the work of many opera- 
tors, this preponderance of the incom- 
plete over tire complete variety is 
interesting, if not entirely unex'pected. 
In view of the enthusiasm and propa- 
ganda favoring die total operation, one 
might have expected a higher inci- 
dence for tire complete extirpation. 
Apparently the general surgeon is not 
yet familiar wth the frequently voiced 
desirability of the total operation, or 
else he is not impressed by the evi- 
dence so far presented. If the latter 
be the explanation, then it is readily 
understandable; for, taking everything 
into consideration, the total operation 
is more difficult tlian the subtotal, 
opinions to the contrary notwithstand- 
ing. Furthermore, except for die 
obvious fact that future disease of the 
cervix is eliminated, the other advan- 
tages sometimes claimed for complete 
hysterectomy still remain to be proved, 
l^dien hysterectomy is necessaiy', he 
prefers the total operation for the spe- 
cific and ob%'ious advantage mentioned 
above. However, he is quite unim- 
pressed by the evidence presuming to 
prove a lower mortality and morbidity 
for the total operation. Until thor- 
oughly comparable cases treated by 
both methods have been evaluated, 
the benefits of total over the subtotal 
hysterectomy \vill remain a much dis- 
cussed question widi a single positive 
advantage— elimination of the cervix- 
in favor of the total procedure. ^Vh^le 
this advantage seems real and suflS- 
cient enough to many of us, Miller 
questions whether it justifies the po- 
tential added risk to the patient 
entailed by forcing total hysterectomy 
upon the occasional operator. 

Of the symptoms leading to medical 


care, bleeding heads the list. Other 
complaints include abdominal pain 
(9.7%), pelvic pain (7.7%), and backache 
(5.2^. Almost 10% (9.3%) sought medical 
care for secondary sjmiptoms. Under 
this heading are included fatigue, ir- 
ritability, nervousness and headache, 
complaints commonly listed as func- 
tional in character. It is interesting 
that 17.4% had no complaints, as 
most patients subjected to major 
surgery usually have a reason for seek- 
ing medical care. As bleeding was the 
prominent symptom, it is not surpris- 
ing to discover that uterine fibroids 
dominate the h'st of palpable diseases. 
However, many clinically suspected 
fibroids were later found to be either 
nonexistent or else extremely small. 
The significant observation in this 
cataloguing of palpable findings is the 
fact that 18.6%, almost 1/5 of all the 
women operated upon, were recorded 
as haAung no disease of the pelvic 
organs. This absence of palpable 
disease may, in part, be e.xplained on 
the basis that the patient may have 
had troublesome symptoms, such as 
bleeding, \vithout gross disease of the 
generative organs. Even so, this figure 
seems high. It is startling to note that 
76 (30.8%) showed no histopatholog)' 
of tlie organs removed. This figure is 
especially revealing, since included as 
acceptable pathologic indications are 
disease of the adnexa, prolapse, hyper- 
plasia of the endometrium, and relax- 
ation. In other words, almost 1/3 of 
the patients in this series revealed 
no histologic evidence of disease. This 
astonishing figure warrants scrutiny. 
The facts that 17.4% presented no 
symptoms, and 18.6% had no palpable 
pehuc disease, do not of themselves 
permit the assumption tliat approxi- 
mately I of the patients in this series 
had acute remunerative or hip-pocket 
hysterectomies. Some patients requir- 
ing operation may have been unaware 
of the fact that they harbored a pelric 
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neoplasm, such as an ovarian or uterine 
tumor. Yet it was deemed feasible 
to remove such an asymptomatic 
neoplasm. 

As subtotal hysterectomy had been 
die standard procedure for many years 
when the abdominal approach was 
selected, it is understandable that most 
of the current literature is concerned 
widi the total operation since the 
effort is being made to have it replace 
the older operation and some very 
convincing reports have been pre- 
sented. 

Danfordi®, reporting a series of 500 
cases of total hysterectomy, states that 
cervices which are not entirely normal 
are often troublesome after a subtotal 
operation. Discharge which does not 
yield well to treatment is often met 
with. The poorly nourished stump has 
a diminished resistance and does not 
respond as well to the usual forms of 
treatment as when the entire uterus 
is present. Bleeding is sometimes seen. 
The removal of me stump is some- 
times indicated. For both of these 
reasons the elimination of the 
cervix seems desirable provided it may 
be accomplished without increase in 
the mortality rate, or, in any event, 
an increase not greater than the num- 
ber of cases of stump cancer would 
account for. Fortunately, in well staffed 
clinics, this is entirely possible. Dan- 
forth is not in agreement with an 
opinion recently expressed that the 
total operation should be recom- 
mended for all operators. In the series 
there were 2 deatlis, a mortality rate 
of 0.4%. Without a thorough famil- 
iarity rvith pelvic anatomy and tech- 
nique, there is a very definitely greater 
danger in the total operation. Among 
these particularly are injur}' to the 
urinar}' tract and hemorrhage. 

A rise of temperature to 100.4 F. 
on any 2 days, excluding die first 24 
hours, brings the case into the morbid 
list. According to this standard, 141 


patients (28.2%), had a morbid recovery. 
In 2 cases ureteral injury occurred, m 
1 case the ureter being tied while in 
tlie other it was cut. Both patients 
recovered, although nephrectomy was 
needed in both cases. The bladder was 
opened 4 times. Immediate suture was 
done and a permanent catheter put in. 
All of these recovered without trou- 
ble. 

Although the subtotal operation was 
formerly the routine procedure at the 
University of Iowa, Mengerl and 
Stoltz^® state that conditions are now 
reversed but they do not advocate the 
general adoption of elective total 
hysterectomy. In tlieir series of 1925 
operations, a complete operation was 
essential in the 12% of die operations 
that were performed for malignant 
disease. If it be granted that removal 
of the cervix is' desirable in the pres- 
ence of pelvic inflammatory disease, 
then total hysterectomy was desirable 
in an additional 329 patients. In odier 
words, removal of the cervix was 
essential or desirable in 563 patients, 
or 2 in 7, Any university department 
of obstetrics and gynecology actively 
engaged in training young men must, 
therefore, face the necessity of teach- 
ing the techniques of total hyster- 
ectomy, The majority of the operations 
(63.4%) were done by assistant residents 
or residents. The principal indications 
for hysterectomy included fibromyoma, 
functional bleeding, pelvic inflamma- 
tory disease, benign and malignant 
ovarian and malignant uterine tumors. 
Ureters were injured in 10 women, with 
9 repairs, at the time of initial opera- 
tion. Subsequent operation for reim- 
plantation was necessary in one 
patient. Morbidity rates were similar 
to those^ of any hysterectomy series, 
irrespective of the type of operation. 
Death occurred in 38, or 1.97% of the 
patients. Twenty-nine (3.01%) of the 
fatalities occurred in the first chron- 
ological half of the series and 9 (.094%) 
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in the second. Infection of some type, 
chiefly peritonitis, accounted for 22 of 
the 88 deaths. 

In tlie experience of MunneU^® at 
Bellevue Hospital in New York, die 
mortality rate for total hysterectomy 
is liigher than for subtotal hyste- 
rectomy in a series of 215 total 
hysterectomies. Increased skill from 
doing more and more total hyste- 
rectomies as weU as proper selection 
of cases should reduce toe mortality 
from total hysterectomy. Proper selec- 
tion of cases involves toe ease wito 
wliich the operation may be performed, 
the skill of the operator, toe patient’s 
general condition, toe degree of fixa- 
tion of toe uterus, adhesions, obesity, 
and so on. Increased mortahty is the 
only valid objection to the procedure 
and even tois is not a tenable argu- 
ment when toe number of deaths from 
the possibility of cancer developing in 
the residual cervical stump are taken 
into account. The prevention of cancer 
of the cervical stump is an adequate 
reason for performing total hyster- 
ectomy in benign cases as long as 
toe operation does not introduce an 
element of extra danger to the patient. 
In so far as postoperatii'e reaction is 
concerned, patients having had total 
hysterectomies will run a slightly 
higher temperature for a longer period 
of time. Catheterization is slightly less 
frequent in total hysterectomies than 
in subtotals. Postoperative distention 
is approximately toe same in each 
group. The only postoperative compli- 
cation that can be considered a valid 
objection is tlie possibility of injury 
to toe bladder and, or, ureters; proper 
technique should avoid tins complica- 
tion as well as that of prolapse or 
shortening of toe vaginal vault. Sexual 
response in women follomng hyster- 
ectomy is not significantly different 
with the cendcal stump remaining than 
TOth toe cervix removed. Indeed, the 
cervix, uterus, and ovaries seem to 


have httle to do with libido or sexual 
satisfaction. Where there are changes 
in libido or sexual satisfaction follow- 
ing hysterectomy, the cause of these 
changes is undoubtedly psychogenic. 

The reasons which Hunt^® gives for 
being dissatisfied wito toe subtotal 
operation are toe distressing symptoms 
of leucorrhea, occasional bleeding 
from toe cervical stump or polypoid 
protrusion. He reports toe complete 
removal of toe uterus in 243 cases, 
witoout a mortality, witliout an injury 
to toe bladder or ureters and wito no 
added hospitalization period. Bleeding 
during the operation was not a prob- 
lem. Postoperative recovery did not 
indicate pelvic infection. This was less 
in toe total tlian in toe subtotal opera- 
tion. Cutting across tlie cervix opens 
a field for infection, even though the 
canal has been thoroughly cauterized. 
Cauterized tissue becomes necrotic and 
a fertile field for infection, which is 
conducive to tlirombophlebitis. There 
has been only 1 case that presented 
any postoperative bleeding and this 
was easily controlled. Such occurrence 
is negligence and due to failure to 
close adequately the vaginal vault; 
in tois instance, at toe side of the 
vaginal vault suture. At this angle 
vaginal mucosa may retract and not 
be included in the suture and sub- 
sequently bleed. The average post- 
operative stay in toe hospital was 14.7 
days. The time of operation was not 
prolonged appreciably over that of 
subtotal hysterectomy. The average 
time taken for operation was less than 
1 hour. Frequent inquiries as to 
marital relations following this pro- 
cedure have resulted in satisfactory 
replies in most instances. There has 
been no distressing leucorrhea, no 
periodic bleeding and naturally no 
carcinoma following toe procedure. He 
believes total hysterectomy is prefer- 
able in the vast majority of cases to 
subtotal hysterectomy for lesions re- 
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of the more conservative gynecologists 
think about the subject. Martzloff^^ 
states that in view of the fact that 
cancer may develop in the residual 
cervix after supravaginal hysterectomy 
for benign uterine ^sease, it has been 
proposed by some observ^ers that per- 
formance of total hysterectomy as an 
inflexible routine would eliminate diis 
complication. These observers also 
state that in competent hands tlie mor- 
tality from total hysterectomy is little 
if any more than that following sub- 
total hysterectomy and they advocate, 
therefore, vdthout reservation, die 
total operation when hysterectomy is 
to be done. 

On the other hand there are num- 
erous opponents to the proposal that 
total hysterectomy be performed in 
everj'^ instance in which hysterectomy 
is to be done. This does not mean that 
panhysterectomy should never be em- 
plo)'ed for benign disease but diat its 
use should be a matter of individual- 
ization and restricted to those instances 
in which there is an obviouslv path- 
ological cervix and the operation can 
be done without undue hazard. The 
basis for obiecdon to total hyster- 
ectomv as a routine is that rieid adher- 
ence to the procedure leads to an 
increased operative mortality and mor- 
biditi^; the operation is ordinarilv inad- 
eouate to cure patients who have an 
established but unsuspected cervical 
cancer, and the hazard of subsequent 
cancer-change in a prewously noncan- 
cerous cerxnx is not as great as the 
increased mortalit)' inherent in the 
total operation. Finally, the objection 
has been raised that the total opera- 
tion is no guarantee that cancer may 
not dei'elop later in the vaginal vault. 

Tlie relatii’^e mortaliti'^ of these 2 
operative procedures is difficult to com- 
pare. It is obvious that when exposure 
is difficult or the patient is or has 
become a poor surgical risk because 
of hemorrhage or some other acute 


contingency, the supravaginal opera- 
tion is the only procedure possible or 
permissible. However, some of die 
zealous advocates of routine total 
hysterectomy deny that it possesses 
any appreciably increased hazard and 
apparently do not recognize the exist- 
ence of situations in which tlie pro- 
cedure is well nigh impossible. The 
overivhelming weight of competent 
g^mecological opinion is of tlie opposite 
view and considers the total operation 
as one of election to be done only 
when tlie indication exists and the 
operation does not involve undue 
hazard or frank fooUiardiness. 

The value of total hysterectomy for 
cancer prophylaxis is granted. How- 
ever, as Martzloff views tlie situation, 
the important consideration in decid- 
ing to do an abdominal panhyster- 
ectomy is not the presence of a 
myomatous uterus, or flie obvious de- 
sirability of removing simultaneously 
a svmptom producing cenux, but the 
ability to do the ooeration without 
additional risk to tlie patient. The 
presence of benign disease of the 
cervix and the fear of subsequent can- 
cerous change is, he believes, no 
snecial indication for panbysterectomy 
if this proce.dure entails an increased 
operative hazard. The so called "angr)% 
red appearance” of a bleeding circum- 
ostial Vermillion zone oflFers real fuel 
to the susoicion that the fire of cancer 
is near at hand. The statement is there- 
fore frequentiv encountered that an 
"eroded” inflamed cervix offers special 
danger of subsequent development of 
cancer. There is. however, little if any 
factual information to support this con- 
stantly repeated assumption. All of the 
tnil}’’ early bona fide cancers he has 
seen so far have occurred on relatively 
normal appearing cervuces. It is ex- 
tremely doubtful that one can foretell 
from the appearance of a cervix in- 
volved, in a benign inflammator}'- pro- 
cess whether it is more likely to de- 
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Deep cauterization is preferred be- 
cause sections of the cervix show that 
tlie inflammatory process is frequently 
deep seated and that it is necessary to 
cauterize deeply in order to eliminate 
it. 

Formerly, they cauterized only the 
cervices that did not seem to be nor- 
mal. However, some cervices, which 
looked normal at the time of subtotal 
hysterectomy, were found to be mark- 
edly inflamed on later examination. 
This is probably the result of circula- 
tory changes in a glandular structure 
which predispose to infection. Pre- 
liminary to subtotal hysterectomy, they 
cauterize practically every cervix 
whether it appears normal or not. In 
some clinics tire cervix is cauterized 
and permitted to heal before subtotal 
hysterectomy is done. This is done to 
eliminate the danger of peritonitis fol- 
lowing cauterization of die cervix and 
immediate hysterectomy. In their ex- 
perience, this danger has been greatly 
exaggerated. In fact, tiiey feel that 
there is no method other dian cauter- 
ization at the time of operation that so 
certainly sterilizes the cervical canal. 
The cauterized cervix opens into the 
vaginal canal and the microorganisms 
that appear later in the slough are sa- 
prophytes, and tiiere is less danger of 
peritonitis than if die infected cervix 
with its pyogenic organisms is left in 
place. 

In a study of 87 cases of cervical 
stump bleeding observed at Johns Hop- 
kins Hospital by Davis and Cheek'*' 
diere were 40 cases (46%) which re- 
vealed a cancer of the cervix. Of these 
40 diere were 6 (15%) in whom the cer- 
vix appeared benign. They believe diat 
die only sure way to detect early car- 
cinoma after a subtotal hysterectomy 
is to view any bleeding widi alarm, 
regardless of die appearance of die 
cerN'ix. 

Regardless of a histor}^ suggesting 
the presence of menstruating endome- 


trium, regardless of the appearance of 
the cervix and regardless of estrogen 
therapy, every patient who has vagin- 
al bleeding at any time after a subtotal 
hysterectomy deserves a biopsy of die 
cervix and a gende curettage of die 
cervical canal. It is hoped diat pre- 
operative study will decrease die num- 
ber of patients on whom a subtotal hys- 
terectomy is performed in the presence 
of an unrecognized early carcinoma of 
die cervix. 

Vaginal Hysterectomy. Many gyne- 
cologists are partial to removal of the 
uterus by the vaginal route; in fact, 
some men are such extremists as to 
consider this route desirable in almost 
all cases. It is important not to be 
carried away by the enthusiasm of 
such men but rather to seek the ex- 
perience of those who practice this 
operation with a balanced judgment. 
According to Danforth® one of die 
greatest advantages of die vaginal re- 
moval is diat the cervix is done away 
with. The danger of cancer in the re- 
tained stump is not a great one, al- 
though its existence must be acknowl- 
edged, but the stump may be trouble- 
some as a source of leucorrhea, bleed- 
ing, and as a focus of infection. In a 
series of 1510 hysterectomies of all 
types in his clinic the vaginal operation 
was carried out in 32.3%. He does not 
believe that vaginal hysterectomy 
should be done in all cases, or in too 
great a proportion of the total number 
of patients operated upon, but he is 
convinced tiiat the operation has a 
very definite value. The indications for 
which these operations were done were 
leiomyoma, prolapse, menorrhagia, re- 
trodisplacement, outlet relaxation of 
greater or less degree, and endocervi- 
citis or injury of the cervix. 

Larger myomas may be removed 
vaginally by excising the uterus piece- 
meal, or by morcellation. This is a pro- 
cedure which demands a considerable 
degree of familiarity with the technique 
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of tlie operation and wliicli occupies a 
limited field. 

Approach from below is contraindi- 
cated by a number of conditions. When 
hysterectomy is indicated in the pres- 
ence of extensive residues of pelvic 
inflammatory disease the excision is * 
best performed abdominally. The ad- 
hesions which may be found in these 
cases render the vaginal operation dif- 
ficult and hazardous. Previous pelvic 
operations may be followed by adhe- 
sions sufficiently extensive to render 
vaginal work difficult. Danforth has, 
in a number of instances, removed the 
uterus from below after some proce- 
dure for the shortening of the round 
ligaments had been done abdominally, 
but the operation has usually been 
difficult. It should not be attempted 
unless the operator has had a consider- 
able experience with vaginal surgery. 
Cases in which endometriosis is sus- 
pected are better approached from 
above as the dense adhesions charac- 
teristic of this condition are hard to 
manage from below. Ovarian cysts, if 
not adherent, may be punctured and 
removed from below with no great 
difficulty, but the impossibility of being 
certain as to the exact character of the 
cyst before the abdomen is entered 
makes it wiser to treat them by ab- 
dominal incision. 

Danforth does not recommend the 
operation for the treatment of carcin- 
oma of the uterine corpus. A very im- 
portant early step in the performance 
of hysterectomy for corpus cancer is 
the blocking of the broad ligaments 
by placing straight 8 inch clamps along- 
side the uterus on either side to pre- 
vent the pushing out of cancer cells 
through the l5Tnphatic vessels of the 
broad ligaments. This may be done im- 
mediately when the approach is made 
from above, t^ffien the operation is 
carried out from below, the upper part 
of the broad ligaments is not occluded 
until late in the operation, while in the 


earher stages the uterus will have been 
subjected to a considerable amount of 
handling. In most of the cases of cor- 
pus carcinoma, it is technically possible 
to remove the uterus from below, but 
the impossibility of early closure of the 
broad ligaments interposes a serious 
objection to the employment of the 
operation. 

In Danforth’s series of 517 vaginal 
hysterectomies, there has been no 
death. Although mortality has been 
absent, morbidity has not. It is not 
possible to do hysterectomy by any 
method without some morbidity, as a 
bacteria laden area is invaded what- 
ever the type of operation chosen. The 
morbidity is somewhat higher in the 
vaginal operation than in either the 
total or the subtotal abdominal hys- 
terectomy. By the standard of the 
American College of Surgeons, that is, 
a temperature of 100.4° on any 2 days 
excluding the first, 42.1% of the cases 
must be placed in the morbid group. 
In spite of this fact, convalescence has 
been, as a rule, smooth. The hospital 
stay, in uncomplicated cases, is 11 or 
12 days. Drainage is not used except 
in the cases of prolapse in which the 
dissection is raffier \vider than when 
the operation is done for other reasons. 
In cases in which the uterus protrudes 
from the introitus, and the broad liga- 
ments are interposed between the blad- 
der and anterior vaginal wall with the 
freed pubocervical fascia as an ad- 
ditional support, a small dram or rub- 
ber tissue is placed in the wound at 
the vaginal vault and is removed in 24 
hours. 

There were some more serious se- 
quelae. Postoperative bleeding occurr- 
ed in 15 cases. In all the cases in which 
bleeding occurred during recovery, it 
was easily controlled by a clamp or 
suture at the vaginal vault. In no case 
did a notable loss of blood occur. Pel- 
vic abscess required opening in 7 cases. 

A vesical injury occurred in 8 cases. 
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The Department of Gynecolo^ in 
the Presbyterian Hospital in Chicago 
has been a staunch advocate of vaginal 
hysterectomy for many years and the 
results obtained in that clinic justify 
the enthusiasm, since CampbelP re- 
ports 2798 operations with 6 deaths or 
a mortality of 0.214%. Therefore, he 
believes that vaginal hysterectomy 
should be chosen whenever feasible 
because it permits a more regular cor- 
rection of all defects than do other pro- 
cedures and causes less discomfort to 
die patient. No abdominal scar is pro- 
duced and pulmonary complications 
and emboli are less frequent while 
thrombophlebitis and pelvic abscess 
are less common. Trauma to the bowel, 
postoperative adhesions, ileus and 
bowel obstruction are infrequent and 
gas pains are less severe. He believes 
it is less radical and safer than irradia- 
tion and affords a safe approach to 
many forms of adnexal pathology. Peri- 
tonealization can be accomplished as 
accurately as by the abdominal route. 
Stump carcinoma and persistent cer- 
vical discharge are prevented. He 
agrees with many who have advocated 
vaginal hysterectomy rather than ab- 
dominal hysterectomy in poor opera- 
tive rislcs. It then seems logical that 
vaginal hysterectomy is an even safer 
lirocedure in patients who are in better 
operative condition. Previous abdomi- 
nal surgery need not always contraindi- 
cate vaginal removal of the uterus. The 
technical shill of the operator is of no 
greater importance than is tire choice 
of method of anproach or preoperative 
nveparation of the patient, such as: 
eradication of foci of infection, correc- 
tion of anemia, vitamin, protein and 
fluid balance and restoration of the 
normal vaginal flora. Meticulous hemo- 
stasis is vitally important. 

In order to get the viewnoint of one 
who is a real entliusiast about vaginal 
hv.sterectomv, we present die indica- 
tions for the operation as given by 


Blain^: 1, Benign neoplasm of the uter- 
us. These tumors may be large and 
multiple, those extending above tlie 
umbilicus having been removed vagin- 
ally following morcellation. 2, Proci- 
dentia uteri. Vaginal hysterectomy was 
possibly first performed for complete 
descensus. Many of the present day 
writers, unacquainted with this field of 
surgery, consider prolapse the only in- 
dication for this procedure. 3, Exten- 
sive laceration, erosion, ectropion, and 
leucoplakia of the cervix. This type of 
lesion is frequently precancerous and 
should be eradicated when a hyste- 
rectomy is performed. 4, Functional 
bleeding, especially in the menopausal 
period, which does not respond to 
endocrine therapy. 5, Chronic suhin- 
volution of the uterus. 6, Uterine 
polyps, especially those showing a ten- 
dency to recurrence or exhibiting early 
malignant changes. 7, Persistent uter- 
ine leucorrhea. 8, Stenosis of the cervix 
which has not responded to less radial 
treatment, such as that following 
radium therapy producing pyo-uterus. 
9, Chronic metritis. 10, Vaginal hyste- 
rectomy constitutes the most effective 
treatment for carcinoma of the corpus 
uteri. Tlie uterus should be removed 
intact. Radium and Roentgen-ray ther- 
apy, while replacing surgery in carcin- 
oma of the cervix, should be used only 
as an adjunct to surgery in carcinoma 
of the fundus. The use of radiation in 
younger women without proved malig- 
nant disease is less scientific and more 
radical than vaginal hysterectomy be- 
cause of the destructive action of the 
rays on the ovaries. In Blain’s opinion, 
there is no definite contraindication, 
although there are certainly instances 
in which the transabdominal approach 
is preferable, and the decision as to 
method must be based upon the wis- 
dom of the surgeon. There is no ob- 
’ection, should the vaginal approach be 
found impractical, to complete the 
operation by the abdominal route. 
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Opposed to such enthusiasm is tlie 
opinion of Cogswell'* who compared 
the results and postoperative courses 
of a series of abdominal hysterectomies 
\%dtli one in which die operation was 
done by the vaginal route. He states 
that if a I'aginal hysterectomy could 
be done Mudi ease in an obese indi- 
vidual, it would certainly be preferred 
to an abdominal operation. Surger}' 
dirough a fat abdominal wall with a 
thick, bulk}' omentum always makes 
any operatii'e procedure more difficult 
and is attended by a greater danger 
of postoperative heniia, but it is often 
impossible to determine die presence 
of masses or fi.xadon of the peh'ic vis- 
cera when examining a fat individual. 
The morbidit)' in the obese was higher 
in die vaginal series dian in die ab- 
dominal. There was no deadi in eidier 
group. The perils encountered in a dif- 
ficult laparotomy on an obese indi- 
vidual cannot compare with diose pres- 
ent in a poorl}' selected vaginal hys- 
terectomy. If it can be definitely deter- 
mined before the operation diat there 
are no abdominal tumors and that die 
uterus and adnexa are not fixed so 
that die uterus can be prolapsed vudi 
some traction, the indications for a 
vaginal hysterectomy may be present. 
He concludes tiiat prolapse of die uter- 
us is die only indication for a vaginal 
hysterectomv. The morbidity is higher 
in vaginal hysterectomy than in ab- 
dominal hysterectomy, except in proci- 
dentia. The smoother convalescence of 
older patients upon whom a vaginal 
hi'sterectomv was performed is ex- 
plained by the fact tiiat all die patients 
in this group were operated upon for 
procidentia. Excluding cases of proci- 
dentia, the postoperative complications 
are complaints are more numerous in 
the vaginal group than in the abdomi- 
nal group. 

Injuries to the Urinary System. 
Witii the increase in the number of 
total hysterectomies that are being per- 


formed, it would seem that tiiere has 
been an increase in number of injur- 
ies to the urinar)' system, judging by 
the many papers which have been writ- 
ten on the management of such in- 
juries. In the Woman’s Hospital in New 
York, according to Murphy*®, injuries 
to the ureters and bladder were 10 
times more frequent after total than 
after subtotal operation. The most 
serious of these injuries were die 4 ure- 
terovaginal fistulas. They resulted in 
1 death, 1 nephrectomy, die function of 
1 kidney destroyed by radiodierapy 
and 1 patient who, aldiought she could 
not be traced, would probably require 
nephrectomy in order to be cured. 
The seriousness of unrecognized ure- 
teral injur)' with late renal complica- 
tions cannot be minimized. All of diese 
patients were operated upon by well- 
trained surgeons in an outstanding hos- 
pital. Under these conditions and from 
die urologic liev'point, the greater 
frequency of ureteral and bladder in- 
jur}' follov'ing complete hysterectomy, 
should make one hesitate before adopt- 
ing this operation as a routine. One 
may conclude therefore that routine 
complete hysterectomy is not adwsable 
because of die greater frequency of 
urinar}' infections and ureteral and 
bladder injuries. In a further discus- 
sion of diis subject®® Murphy states 
diat trauma to die ureter may or may 
not be observ'ed during operation. If 
the operator is co.gnizant of die injury, 
he shoidd repair it immediately. A vety 
small injur}' to the wall of the ureter 
should be sutured, the peritoneum 
closed over die iniured area and an ex- 
traperitoneal drain inserted. If the in- 
jur}' to the wall of the ureter is exten- 
sive, of if it is completelv diwded, an 
end-to-end anastomosis should be car- 
ried out. An indwelling ureteral cath- 
eter should be inserted into the ureter 
to prevent edematous obstruction of 
the ureter at the site of the anastomo- 
sis and to pro-vide good urinary drain- 
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age during the healing of the ureter. 
If a large section of tire ureter has 
been removed an anastomosis is im- 
possible. In tliis instance, the lower end 
of the ureter should be ligated and die 
upper end reimplanted into die bladder. 
This operation is not difficult or time 
consuming and gives excellent results. 
Only rarely will so much of the ureter 
be removed that it will not reach die 
bladder. When this happens the ureter 
may be simply ligated or it may be 
implanted in die bowel. If tiie injury 
to the ureter takes place during a very 
difficult operation, when die patienfs 
condition will not permit any of these 
procedures, both ends of the ureter 
should be ligated, with death of the 
corresponding kidney. This should not 
often be necessary if one is familiar 
with the various methods of treating 
ureteral injuries. When the ureteral in- 
jury is not observed during operation, 
a uretero-abdominal, or more frequent- 
ly a uretero-vaginal, fistula results. Oc- 
casionally it may cause peritonitis, and 
in his opinion unrecognized ureteral 
injury accounts for some of die deadis 
from peritonitis that follow hysterec- 
tomy, In other cases, a pelvic abscess 
or an extraperitoneal abscess along die 
course of the ureter or kidney from ex- 
travasation of urine may be seen as a 
consequence of ureteral injury. If peri- 
tonitis follows hysterectomy and if 
there are signs of free fluid in the ab- 
dominal cavity soon after operation, 
the possibility of unrecognized ureteral 
injury should be considered. The diag- 
nosis of ureteral injury should be made 
by cystoscopic study and as soon as 
the diagnosis is definitely established, 
nephrostomy is indicated to divert the 
urine from the injured ureter. Tliis 
may be a life sainng procedure. If 
there is no improvement following this 
oneration, it may be necessar)^ to drain 
the abdominal camty. As soon as an 
abscess is formed extensive drainage 
should be prorided and nephrostomy 


may also be necessary. The outcome of 
unrecognized ureteral injury may be 
the formation of a uretero-abdominal 
fistula. In this event an attempt to pass 
a ureteral catheter by the injured area 
in die ureter should be made, for if 
diis maneuver is successful, die fistula 
may be closed as happened in one of 
his cases. This will not be possible in 
the majority of cases. Before attempt- 
ing another laparotomy to close die 
fistula, about 6 weeks should pass and, 
if the operation is dien necessary, die 
ureter should be divided and reim- 
planted into the bladder, Ureterovag- 
inal fistula is the most common compli- 
cation caused by unrecognized ureteral 
injury. In this complication an attempt 
should be made to pass an indwelling 
ureteral catheter by the injured area 
in the ureter to aid in the closure of 
die fistula. Some of these fistulas will 
close spontaneously so that the opera- 
tion is not indicated until 6 or 8 weeks 
have passed. The ideal operation for 
die cure of ureterovaginal fistula 
is reimplantation of the ureter into die 
bladder. If another laparotomy is con- 
traindicated, nephrectomy will occa- 
sionally be necessary. Fortunately, li- 
gation of both ureters is rare following 
hysterectomy. It is more apt to result 
from total than from subtotal hysterec- 
tomy. This is a serious complication 
and carries a mortality of 33%. Subse- 
quent to hysterectomy, the urinary out- 
put must be carefully tabulated so that 
the diagnosis of this grave complica- 
tion can be suspected as soon after 
operation as possible. In a suspected 
case cystoscopy, to corroborate the 
diagnosis, is urgent and immediate 
treatment should be instituted to pro- 
vide urinary drainage and forestall ad- 
vancing uremia. How should bilateral 
ureteral ligation be treated? Should 
the abdomen be reopened and the 
ureters de-ligated or should nephros- 
tomy be performed? Before this ques- 
tion can be decided one must careful- 
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ly weigh all the facts involved in each 
individual case. 

Abdominal de-ligation may be chos- 
en if the original operation was not pro- 
longed or unduly difficult and if the 
patient is young and in good condition 
when the diagnosis is made. In an older 
person who has already withstood a 
difficult operation and whose general 
condition is not good when the diag- 
nosis is made, nephrostomy should be 
the operation of choice. It is Murphys 
opinion that in the majority of cases 
the indications for nephrostomy will 
overbalance those for abdominal de-li- 
gation. Bilateral ureteral ligation us- 
ually happens during a difficult opera- 
tion, so diat the majority of patients 
will be in a precarious condition when 
the diagnosis is made. Some patients 
will be middle-aged or elderly women 
who have been operated on for car- 
cinoma of the fundus. Many of them 
will be in the midst of a stormy post- 
operative period with a high tempera- 
ture and an already over-burdened 
circulatory system. To reopen the ab- 
domen in such cases would carry a 
\'ery high mortality. It has been their 
experience at the Women’s Hospital 
that reopening the abdomen for any 
cause within 48 or 72 hours involves a 
high mortality from shock and sepsis. 

In the experience of the urologist, 
Moore^’’ states that accidental injury 
of the ureter during the course of pel- 
vic operation is not uncommon. This 
tsme of serious accident has a mor- 
taliW rate of 83.3% for bilateral ure- 
teral iniuries and 18.8% for the uni- 
lateral iniuries. The incidence of ure- 
teral ligation as a complication of all 
operations on the female genital organs 
may be placed at behveen 1 and 3%. 
Many cases are not reported and many 
may not be recognized. The proportion 
of unilateral to bilateral injury is 6 to 1. 
Iniurv^ of the ureter may occur at the 
hands of the most skilled surgeon. 
Urologists believe that such injuries 


are preventable. They have advocated 
the preoperative insertion of inlying 
ureteral catheters when difficult pelvic 
surgery is anticipated. Those indwell- 
ing catheters can serve as a guide so 
that the ureter can be more easily 
recognized and avoided. However, 
many gynecologists are loath to accept 
this precautionary measure. They con- 
tend that the catheters give a false 
sense of seciuity and alter the normal 
position of the ureters, making tlie 
ureter more liable to injury. In many 
instances the catheters cannot be lo- 
cated by palpation and can <give rise to 
infection, ureteral colic, and oliguria. 
There is an abundance of evidence in- 
dicating that in spite of these objec- 
tions the preliminary insertion of ure- 
teral catheters is a vidse precautionary 
measure. The simple ligation of one 
ureter seldom is recognized at the time 
of operation. If the accident is dis- 
covered during the operation, im- 
mediate de-ligation followed by the in- 
sertion of a ureteral catheter would be 
adequate treatment. Crushing by a 
clamp requires essentially the same 
treatment as a severed ureter because 
of the probability of subsequent slough- 
ing or dense cicatricial contracture. 
There are several procedures that may 
be adopted to repair this type of ac- 
cident. End-in-end anastomosis has 
proved more satisfactory than end-to- 
end anastomosis of the injured ureter. 
A small opening above die anasto- 
mosis through which the ureteral cathe- 
ter is passed to the renal pelvis and 
brought out of the flank for temporarv 
diversion of the urinary stream has 
been advocated following the renair 
of this type of infury. The author 
warns that although the immediate 
results of this type of repair may be 
good, the patient may require frequent 
and systematic dilatations of the ureter; 
otherwise, slow hydronephrotic atro- 
phv may necessitate late nephrectomv. 
If the ureter is injured low in the pel- 
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vis, an attempt can be made to anasto- 
mose the ureter to the bladder. Cutan- 
eous ureterostomy is mentioned only 
for condemnation, although this proce- 
dure may be regarded at the time as a 
conservative procedure. Although ure- 
tero-intestinal anastomosis may seem a 
good procedure, few patients are pre- 
pared for this type of surgery as the 
risk would be greater than in a plan- 
ned operation of this type. Ligation 
may be the operation of choice, es- 
pecially after a difficult and long oper- 
ation and if the patient’s condition is 
considered to be poor. Before ligation 
of the proximal stump of the tueter, it 
is wise to palpate the opposite kidney 
to determine its condition. H the ex- 
treme condition of the patient pro- 
hibits conservative measures, tempo- 
rary measures less radical than ligation 
of the meter, nephrectomy, or cutan- 
eous meterostomy would permit a con- 
servative operation at a later date: 1, 
the passage of a meteral catheter 
through the proximal segment of the 
severed ureter; 2, temporary meteros- 
tomy, and 3, temporary nephrostomy 
may permit conservative surgery at a 
later date. In many cases, the appear- 
ance of the urinary drainage from the 
vagina or the abdominal incision in 
the early postoperative convalescence 
of the patient is the first evidence of 
ureteral injury, either unilateral or bi- 
lateral. If both ureters have been li- 
gated or otherwise occluded, the case 
may be erroneously diagnosed as “sup- 
pression of mine.” Failure to demon- 
strate urine in the bladder from 6 to 
12 hours following a diflficult pelvic 
operation renders a cystoscopic exam- 
ination to determine die patency of the 
ureters as mandatory, for too often the 
patient unll be treated for suppression 
of urine for days before the true nature 
of die condition is suspected. If cysto- 
scopic examination confirms the sus- 
picion of bilateral meteral occlusion, 
an immediate unilateral nephrostomy 


may prove a lifesaving measure. Tem- 
porary meterostomy may be preferred 
to bilateral nephrostomy because it is 
technically easier to do. De-hgation 
of the meter is extremely hazardous 
and difficult. If it is attempted by the 
smgeon, the aid of the mologist should 
be sought to push obstructed points 
with a large caliber catheter (9 or 11 
F.) from below. This procedme would 
permit the smgeon to clip the hgatures 
quickly and recognize more than one 
ligated point if present. The meteral 
catheters should then be passed into 
the renal pelves. 

In the experience of Hyman and 
Leiter^^, in the following instances it 
is not advisable to reimplant a meter 
into the bladder: 1, When die bladder 
shows considerable disease or is con- 
tracted. 2, In high ureteral injmies, 
where an anastomosis would be sub- 
jected to too much tension. 3. Marked 
thickening, dilatation and disease of 
the ureter. 4, When the kidney has 
been almost or completely destroyed. 
The question may arise as to whedier 
the operation be done when die kidney 
is not visualized in the preoperative 
excretory urogram. It is well known 
that non-visualization does not imply 
absence of renal function. There are a 
number of reflex and acute conditions 
which can result in temporal^ failure 
of visualization ivith intravenous pye- 
lography. One must be guided, there- 
fore, by the general clinical as well as 
by the operative findings. If the lower 
ureter is fairly normal and the contents 
are not thickly purulent, one may safe- 
ly transplant the ureter and follow the 
case subsequently with excretory urog- 
raphy. One can always do a nephrec- 
tomy should this become necessary. 
Their method is very simple; a stab 
opening is made in the fundus of the 
bladder and the ureter is pulled 
through this and allowed to project for 
about % of an inch into the lumen of 
the bladder. Two fine chromic catgut 
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sutures are used to anchor the ureter 
to the outside of the bladder. There 
should be very little suturing and mini- 
mal drainage near the anastomosis. It 
is most important that there be no ten- 
sion in the anastomosis. The bladder 
should be kept at rest and empty for 
about 10 days. Prolonged extravesical 
drainage leads to periureteritis and 
damage to the ureter transplant. A cath- 
eter is used in the anastomosis only 
when the reimplanted ureter is so small 
tliat it is likely to become blocked by 
edema. They now have a series of 60 
cases. Of 27 cases which were con- 
trolled by intravenous pyelography, 
for from a few months to 17 years after 
operation, 44.4% showed good func- 
tional results: 26% showed fair func- 
tional results, and 29.6% showed defi- 
nitely poor results. 

The occurrence of a vesicovaginal 
fistula following total hysterectomy has 
been discussed by Holden® who states 
that the causative factors of non-ob- 
stetrie fistulas are: (A) Direct injury to 
the bladder during operation, which is 
unrecognized. The importance of de- 
tecting bladder injury at the time of 
operation and a prompt repair by 2 to 
3 layers of interrupted catgut sutures 
cannot be overemphasized. (B) Inter- 
ference with the nerve and blood sup- 
ply of the bladder, particularly in radi- 
cal hysterectomy (abdominal or vagin- 
al) for malignancy of the uterus. (C) 
Clamping or ligating a piece of the 
bladder in the closure of the vaginal 
vault, which later sloughs out, produc- 
ing a fistula. It must be borne in mind 
that these fistulas, following total hys- 
terectomy are located high up in the 
vaginal vault, just above or on a level 
with the trigone and the ureteral open- 
ings. A brief anatomic consideration 
will enable one to visualize the reason 
for the location of these fistulas. There 
is appro.\'imately 1 cm. of bladder wall 
above the trigone which is in close 
connection to Sie anterior vaginal wall. 


The bladder injury usually occurs when 
the vagina is opened, amputated or 
sutured. The injury to the bladder 
therefore is generally near the trigone 
and in close proximity to the ureteral 
openings. After total hysterectomy, the 
posterior and inferior margin of the 
bladder is in close contact with the 
sutured edge of tlie amputated vagina, 
and tliey are both closely attached to 
the peritoneum. Since the absence of 
tile uterus and cervix has eliminated 
the vesico-uterine fold of peritoneum; 
any attempt at the classical method of 
mobilization of the bladder in this 
region is not only diEBcult due to its 
inaccessibility, but is fraught with con- 
siderable danger, for the peritoneum 
may be easily entered. Partial colpo- 
cleisis, the Latzko operation (j^., partial 
obliteration of the vagina), is offered 
as a treatment for vesicovaginal fistula. 
One rigid criterion exists: This opera- 
tion should only be performed on fis- 
tulas resulting from total hysterectomy 
(abdominal or vaginal). In this opera- 
tion one makes use of the posterior 
vaginal waU as a transplant over the 
fistulous opening. The vaginal walls 
being constantly in contact lend them- 
selves readily to this procedure, plac- 
ing no tension on any of the suture 
lines. A circular area of mucous mem- 
brane 1.5 cm. in diameter is denuded 
around the fistulous opening; all the 
vaginal mucosa up to and including the 
fistulous edge is removed in this area. 
The denuded area on the anterior vagi- 
nal wall is sutured to the denuded 
area on the posterior waU in 3 layers, 
using fine cluomic catgut. Since mobi- 
lization is not needed, the necessity of 
inserting ureteral catheters and the 
hazard of injuring tiie ureters are 
practically eliminated. Furthermore, 
the protracted need for a postoperative 
indwelling catheter has not been found 
necessary. It should be left in for 48 
hours and should then be removed and 
the patient should attempt to void. 
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With the constant flow of urine into 
the bladder from the ureters, it is im- 
possible to keep die bladder dry, even 
with an indwelling catlieter. Catheteri- 
zation should be performed ever)’’ 2 to 


4 hours and the time gradually length- 
ened until the patient can void volun- 
tarily. Overdistention of die bladder 
need not be feared as it cannot cause 
any tension on the suture line. 
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The plasma proteins constitute an 
interdissolved physiochemical mixture 
of awesome complexity. Cohn’s recent 
summary describes over 25 different 
components, separable one from an- 
other by various analytical meth- 
ods^^°. The list contains 4 Br— glo- 
bulins, 2 ai — and 3 a 2 — globulins, 
fibrinogen, antihemophilic globulin, 
iso-agglutinins, 2 complement com- 
ponents, 2 enzyme precursors (pro- 
thrombin and plasminogen), 7 serum 
enzymes (thrombin, amylase, lipase, 
esterase and otliers), iodoprotein, thyro- 
tropic hormone, 2 glyco-proteins, 2 
lipoproteins, bilirubin-containing aj — 
globulin, iron-binding protein, and 2 
forms of albumin. 

In addition to the precise activities 
denoted by the specific names borne 
by most of these components— 
fibrinogen, amylase, thyrotropic hor- 
mone, for example— the plasma pro- 
teins as a collective mass fulfiU a 
number of highly essential functions 
within the metabolic and homeostatic 
equilibria of the body. Among these 
major functions may be cited: a, main- 
tenance of osmotic pressure and hence 
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blood volume, which is primarily the 
responsibility of albumin because of 
its low molecular weight and high net 
negative charge at the pH of blood; 
b, transport of hormones; c, transport 
of antibodies in the y globulin frac- 
tion; d, protection against blood loss 
tlirough an intrinsic clotting mecha- 
nism; e, transport of nutritive elements; 
/, transport of lipids including cho- 
lesterol, phosphohpids, fatty acids, fat 
soluble vitamins and iron®’^*®®. 

This multiphcity of functions in- 
volving the entire organism and the 
equilibrium of plasma proteins with 
those of the protoplasm, sometimes 
leads to distinctive alterations in com- 
position with respect to both age and 
growth in a variety of normal and 
disease states®. Determinations of the 
plasma protein fractions has already 
been found of positive though limited 
help in the diagnosis of disease, as will 
be seen. Serial studies are of greater 
A'alue, for the character of the frac- 
tions can be an index of the severity 
of some maladies and a guide in fol- 
lowing their progress. Serial studies 
can also furnish information as to the 

Institute, New York City. 
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eflScacy of treatment and the need for 
its continuance. This Review briefly 
outlines the methods applicable to such 
studies, describes some of the impor- 
tant investigations on normal children, 
and sur\'eys the practical applications 
to clinical pediatrics. Other more ex- 
haustive general summaries are to be 
found in the articles by EdsalP% Gib- 
son“h Gutman®^, Janeway^h Loeb^-, 
Marrack and Hoch®^, Metcoff and 
Stare’^®, and Paul and associates'^. Tlie 
protein fractions being manufactured 
on a large scale for therapy, such as 
antihemophilic globulin, gamma glo- 
bulin, comprise a broad field in them- 
selves^'^^’'’-’^®*^®-®® and are not dwelt 
upon m this Review. 

Methods of ImnsHGATiON of 
Plasma Proteins. Salting Out Proce- 
dures. By tradition, die moiety of 
plasma proteins which remains in solu- 
tion after half saturation with, am- 
monium sulfate is known as albumin; 
the precipitated portion, globulin. 
Globulin has been further subdivided 
by fractional precipitation into euglo- 
bulin, pseudoglobulin 1 and 2, and 
fibrinogen. 

Howe’s system of salt precipitation®® 
which employs sodium sulfate has 
largely supplanted the ammonium sul- 
fate method. At any given ionic 
strength, the salting out property of 
sodium sulfate is greater than am- 
monium sulfate. Albumin is determined 
from the nitrogen in the filtrate (minus 
the deduction of non-protein nitrogen ) 
after precipitation with 21.5% sodium 
sulfate solution. The total globulih is 
estimated bv difference. Euglobulin, 
pseudoglobulins 1 and 2, and fibrinogen 
are precinitated at lower concentra- 
tions of diis solution. These fractions 
have been shonm by electrophoresis 
to be far from homogeneous, and this 
terminolog)' is being generally aban- 
doned. Pseudoglobulin has been found 
to contain 85% o globulin and 15% y 
globulin, while euglobulin contains 


more ^ globulin and y. globulin but 
less a globulin. In addition, albumin 
as determined by salt precipitation is 
seriously contaminated by globulin 
factors which lead to particularly 
erroneous results when albumin is 
low®®“. The major fractions studied are 
only relatively pure; they are not sin- 
gle entities but rather overlapping 
groups vdth similar properties®®. Their 
characterization depends upon the 
method of separation. The appropriate 
terminolog)^ varies ^v^th the technique 
employed. 

Serious discrepancies have been 
noted by many observers between the 
albumin-globulin ratios of normal and 
abnormal plasma derived from electro- 
phoretic data and tlie Howe fractiona- 
tion technique. Martin and Morris®^ 
have recently reported on studies de- 
signed to compare the results obtained 
by means of various salting-out meth- 
ods Avith those secured by electro- 
phoresis. They confirmed that 22% 
sodium sulphate, sodium sulphite, or 
magnesium sulphate gave data which 
differ significantly from flie electro- 
phoretic values. On the other hand, 
satisfactorily close agreement \wth the 
electrophoretic values was obtained 
with the precipitation methods whicli 
employ methanol or 26% sodium stil- 
phate. 

A number of simple methods fov 
estimations of gamma globulin and 
other fractions has been described. 
Jager and Nickerson®® by ammonium 
sulfate precipitation and Kunkek^ with 
zinc turbidimetric methods have made 
gamma globulin determinations pos- 
sible which check well against electro- 
phoretic study. Kibrick and Blonstein^® 
and Wolfson et present modified 
salt precipitation techniques for blood 
fractionation which appear eouallv re- 
liable. Serial determinations bv these 
methods are heloful in following the 
course of manv diseases. 

Nordmann^® has called attention to 
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stasis of blood in the vessels at die 
time of collection of the blood samples 
as an important source of error in the 
determinations. He found that when 
two blood samples were collected from 
the same arm, one before a tourniquet 
was applied and the other after it had 
been in place for six minutes, the total 
serum protein might rise from a 
normal level of 7.3 gm.% to 9.5 gm.%. 
Under the same conditions the serum 
albumin lei^el rose from 4.1 gcn.% to 
4.7 gm.%. Thus it is essential that stasis 
be avoided when blood is dravm for 
serum protein determinations. In addi- 
tion the patient should be at bed rest, 
since protein concentrations are higher 
\wdi acdwty. 

Electrophoresis. Protein molecules 
will migrate in an electrical field if 
dissolved in a suitable solvent. Tlie 
speed and direction of movement is 
determined by the pH, the concentra- 
tion of salts and the wscosity of die 
medium. The electrophoretic mobility 
is defined as die velocity in a unit 
electric field and varies with different 
protein molecular species. This prin- 
ciple constitutes die most reliable prac- 
tical method for the determination of 
protein fractions at present. The ease 
and accuracy vudi which results may 
be read are especially adi'antageous. 

Tlie apparatus originated by Tise- 
lius®' projects upon a screen a pattern 
of curves, representing the various 
protein components migrating at their 
different speeds. The area under each 
cun^e is a measure of the concentration 
of each protein fraction and is ex- 
pressed as gm. per 100 cc., or as per- 
centage of die total protein. Further 
amplifications of the method and its 
interpretation and application have 
been adequately rewewed bv Longs- 
worth and 

Electrophoresis depends upon a sin- 
gle propert}" of proteins, namely, mo- 
bilih' in an electric field. Protein 
molecules of different size, shape, com- 


position and biologic significance may 
have similar mobilities as demonstrated 
by ultracentrifugal study"'*. The pat- 
terns of alteration noted in disease are 
not specific but follow common 
trends. 

The nomenclature of Tiselius for 
the electrophoretic patterns has been 
generally adopted. Usually 6 definite 
boundaries are obsen’^ed, which in the 
order of dieir mobilities in neutral 
and alkaline pH are as follows; 
albumin, a globulin, ao globulin, yS 
globulin (also seen as two fractions 
under certain conditions), fibrinogen, 
and y globulin. In addition, Leut- 
scher®®^, at pH 4.0, claims to have 
separated human albumin into 2 com- 
ponents; a albumin (67%) and ^ 
albumin (33%), botli of which show 
some alterations in disease states. 
Fibrinogen is ver}' low in serum ob- 
tained from clotted blood. 

Vltracentrifugal Methods. Ultracen- 
trifugal studies’'" have a limited ca- 
pacity for resolution of proteins. Their 
chief ^'alue lies in the estimation of 
molecular size of purified proteins and 
for evaluating the uniformity of frac- 
tions resolved by other methods. 
Pickels’*® has reviewed the theoretical 
and technical aspects. 

Immunochemical Methods^^-^^-^^. The 
detection of antibodies by immunologic 
study has been a highly specific diag- 
nostic tool for many years. Many dis- 
tinct antibodies can be detected \wthin 
an electrophoretically homogeneous 
globulin sample. Minute quantities of 
abn^irmal proteins may be identified 
by this approach. 

Ethanol Precipitation. The low tem- 
perature edianol methods of Cohn and 
his associates*®-'^- for large scale frac- 
tionation of plasma have been suc- 
cessfully applied to clinical study'*®. 
The components so separated have 
been defined in terms of electro- 
phoretic analysis. Electrophoresis of 
the indiWdual fractions obtained by 
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ethanol yields more detailed informa- 
tion than does electrophoresis of the 
plasma as a whole. 

Chemical. Amino acid analyses of 
plasma proteins are complex and not 
readily applicable to routine clinical 
study'*®’'’^. Brand'^ has submitted sev- 
eral protein fractions to an extensive 
amino acid assay. 

To date only two of tire proteins in 
noi-mal plasma have been crystallized: 
albumin and the iron-binding protein. 
Furtlier advances necessarily await 


information is in terms of salting out 
fractions and electrophoretic patterns, 
only values pertinent to these methods 
have been summarized. 

Electrophoretic analyses are at pres- 
ent enjoying most widespreaci applica- 
tion to clinical problems. The absolute 
levels of fractions and tlreir percentages 
in terms of total protein have been 
reported for 15 normal male adults by 
Dole^i; 

The distribution of electrophoretic 
components from large pools of normal 


TABLE l.-XORMAL PLASMA PROTELV CONCENTRATION VALUES 
FROM BIRTH TO MATURITY* 



Total 

Protein 

Albumin 

Globulin 

Fibrinogen 

Agen 

gm.jlOO cc 

gm.jlOO cc 

gm.jlOO cc 

gm.jlOO cc 

Premature 

4.55 0.59 

3.55 0.63 

1. 01 * 0.45 

0.27 0.15 

Infant 

Full term8''8» 

5.11 =fc 0.7C 

3.76 ± 0.43 

1.34 0.41 

0.24 0.04 

Infant 

to 

to 

to 

to 


5.70 =fc 0.45 

3.79 ± 0.33 

1.66 ± 0.29 

0.23 * 

Birth to®' 

I year 

6.10 =fc 0.29 

4.97 i 0.73 

1.58 0.68 

0.28 ± 0.08 

1 to 

6.94 =fc 0.47 

4.59 ± 0.31 

2.03 ± 0.34 

0.21 ± 0.06 

years 

5 to 12®' 
years 

7.30 ± 0.59 

to 

4.83 =fc 0.30 

5.0 0.78 

2.4 ± 0.74 

0.28 0.04 

Under® 

15 years 

7.16 

4.72 

2.49 

with globulin 

AdiiltsS’Ss 

7.18 ± 0.013 

4.59 =fc 0.011 

2.54 0.13 

0.21 =fc 0.06 


to 

to 

to 

to 


6.94 0.47 

4.70 0.32 

2.03 =fc 0.34 

- 


* From Metcoff, J. and Stare, F. J. New England J. Med., 236, 2C, 1947. 
t No significant variation with sex but some w'ith race. 

i The values are variable depending on the technique. Most of the reported total protein values are de- 
rived from micro-Kjeldahl and the albutnin and globulin from sodium sulfate fractionation. 


purification of otlrer of the many com- 
ponents. 

Values for Normals. When pre- 
senting data on plasma fractions, tire 
nomenclature must conform to the 
method of determination. Comparisons 
of values under standard condition are 
more important tlian absolute figures. 
Values differ somewhat ^vitll variation 
in techniques. 

In Table 1, after Metcoff and Stare™, 
are presented normal figures obtained 
by salting out vdth sodium sulfate. 
Since most of the available clinical 


human plasma have been summarized 
by EdsalP® in terms of percentage of 
total protein only: 

Data Relative to Children. The 
majority of normal values available for 
groups of infants and children have 
been determined by sodium sulfate 
precipitation. These have been referred 
to in Table 1. The levels therein indi- 
cated are in general agreement with 
earlier reports of Dodd and MinoP», 
who similarly observed low levels of 
total protein, globulin and albumin in 
infancy, rising with age. Tliey further 
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noted that values for general clinic 
patients were often below normal and 
that these subjects more readily de- 
\’eloped edema with infection. Some- 
what liigher figures were reported in 
the younger age groups by Rennie®-. 
Darrow and Cary^^ mth similar de- 
terminations found comparable results. 

Rapoport et al.^^ noted low total 
serum proteins in premature infants 
with precipitable globulin fraction 
which was proportionately more de- 
creased than albumin, and remained 
low even when albumin has attained 


were higher in the matnre infants. Tlie 
mean readings may be tabulated as 
follows: 

Serial weekly determinations of 
plasma proteins in 17 of the premature 
infants showed erratic fluctuations in 
the mean values for albumin and total 
protein. Tliere was no significant in- 
crease with increasing age or develop- 
ment with infants fed on evaporated 
milk-carbohydrate formula. Sncteen 
other premature infants were given 
concentrated human serum albumin 
intravenously, in doses of 2 or 8 cc. of 



MEAX 

PROTEIN CONCENTRATIONS 

(gm. %) 



Mean and 







S.D. 

Albumin 


Globulin Fractions 


Fibrinogen 



ai 

ao 


7 


Gm. % 

4.04 

0..31 

0.58 

0.81 

0.74 

0.34 

S.D. 

0.27 

0.051 

0.083 

0.126 

0.151 

0.0.59 


PERCENTAGES OF TOTAL PROTEINS 



% T.P. 

60.3 

4.6 

7.2 

12.1 

11.0 

5.1 

S.D. 

2.8 

0.7 

1.3 

1.9 

2.5 

0.6 


FRACTION'S (as percentages of total proteins) 
Globulin 



Albumin 

ai an 


V 

Fibrinogen 

Mean % 

55.2 

14.0 5.8 

15.4 

11.0 

6.5 

S.D. 

1.3 

0.8 0.5 

1.6 

0.7 

0.6 

PROTEIN VALUES IN NEWBORN INFANTS 

(gm. per 100 

cc.) 




Albumin Globtilin 

Total Protein 



Mean S.P. Mean 

S.D. 

Mean 

S.D. 

Premature 






(3 lb. 8 oz. to 5 lb. 

7 oz.) 

4.3 0.60 1.60 

0.37 

5.6 

0.47 

-Mature 






(5 lb. 8 oz. to 8 lb. 

7 oz.) 

4.8 0.47 1.75 

0.49 

6.4 

0.60 


normal levels. In premature and full 
term infants the most marked diminu- 
tions occurred in the fractions believed 
to be chiefly y globulin. 

McMurray and associates®® have 
conducted an elaborate stud)'^ of the 
albumin, globulin and total protein 
content of the plasma of 46 full term 
and 37 premature newborn infants. No 
significant correlation was found be- 
tween the values obtained and the 
birth weights, but in general the values 


25% solution per pound body .weight 
(4.5 to 6.7 cc. per kg.) 2 or 3 times 
a week. Tliese infants developed a 
steadily increasing albumin and total 
protein content of the plasma with 
an initial decrease and subsequently 
lower values for plasma globulin. The)' 
gained weight more rapidly, had fewer 
illnesses, and were discharged in a 
shorter time than the controls. 

Longsworth, Curtis and Pembroke®^ 
studied by electrophoretic methods ten 
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sets of plasma taken from the placenta 
and motlier at time of birth and found 
high concentrations of y globulin in the 
newborn. Both the absolute and rela- 
tive concentrations were higher than 
the maternal or average normal levels: 

Du Pan and Moore®'^ described serial 
electrophoretic studies on infants rang- 
ing from fetuses of the third monOi 
□f gestation and upward to 1 year 
post partum. The albumin was quite 
low before birth and rose gradually 
to adult levels by 2 years. No change 
was noted in the a and /? globulins, 
both of which were low during fetal 
life and rose suddenly within the first 
5 days of birth. This may be related 
to the ingestion of colostrum. A grad- 
ual rise of y globulin was observed 


In general, tlien, the albumin level 
is low in the first months of life, par- 
ticularly in premature infants. It rises 
to adult levels at 6 to .12 mondis of 
age, with no significant later changes. 
According to Treverrow et aV^, tlie 
globulin falls from 1.66 ±; 0.29 to 
1.31 ± 0.25 during the first 5 weeks 
of life. It remains in tliis range until 
6 montlis, and then a gradual rise 
begins to reach adult levels at 4 years. 
Fibrinogen is higher, with marked vari- 
ation, at birth. 

Protein Fractions in Disease. A 
relation of disease states to high or 
low serum proteins has long been ap- 
preciated®^. The hyperglobulinemia of 
pneumonia, syphilis and kala-azar and 
the low serum albumin of nephrosis- 


PLACENTAL AND MATERNAL PLASMA VALUES 

Fetal 

Mean total protein 6.18 gtn. % 

Mean 7 globulin 15.7% (0.97 gm.) 


Maternal 

7.17 gm. % 
9.9% (0.72 gm.) 


PROTEIN VALUES IN NORMAL CHILDREN 


Total Protein Albumin 

7.5 gm. 57.7% 6.3% 

throughout fetal life, attaining a maxi- 
mum at birth when it exceeded mater- 
nal levels. A steep drop occurred dur- 
ing the first 2 to 3 months post partum 
and the level remained low for 10 
months. 

The often reported high y globulin 
at birdi would appear to be confirmed 
by reports of positive cephalin- 
cholesterol flocculation in newborn in- 
fants, bearing no relation to icterus or 
the general condition®®-®®. However, 
this phenomenon could also be ex- 
plained by the low albumin ordinarily 
exerting an inhibitory effect when in 
proper concentration®®*'^^. 

Roufh ef oJ.®® report average normal 
figures by electrophoretic analysis on 
13 normal children aged 3 to 8 years: 


Globulin Fractions Fibrinogen 

“2 <3 T 

10.6% 10.3% 9.7% 5.2% 

nephritis®® have been known for many 
years. 

The literature on alterations of 
plasma proteins in disease is large and 
uncertain. There are differences in 
methods and differences in normal and 
abnormal values even when the same 
methods have been used. Many dis- 
eases are not accompanied by signifi- 
cant variations in plasma protein 
fractions. Even when changes occur 
they are only occasionally patlio- 
gnomonic, as in the distinctive pattern 
of multiple myeloma. Some tests, 
widely used in clinical pediatrics, de- 
pend upon variations in major plasma 
protein fractions. Thus, elevation of 
the sedimentation rate is believed to 
be related to increased plasma 
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fibrinogen®^ and a globulin®®. The 
thjnnol turbidity reaction depends 
upon elevated a and ^ globulins as 
well as lipids, resulting in tire precipita- 
tion of a globulin-tliymol-lipid com- 
plex^®’'*®'®®. The colloidal gold test is 
influenced not only by the globulin 
content but also its relationship to 
albumin®". Cephalin-cholesterol floccu- 
lation is due primarily to a labile alter- 
ation in the albumin fraction shown 
electrophoretically®®'"^. The exact 
mechanisms of all these tests remain 
obscure. 

The albumin-globulin ratio of plasma 
proteins as commonly used is of little 
value per se since variations may be 
due either to an increased globulin or 
diminished albumin component. An 
objection to determining tliese by 
precipitation methods, as stated above, 
is that depressed albumin levels may 
be obscured by globulin fractions be- 
having in a similar manner. 

In general, electrophoretic patterns 
fall in albumin in wasting diseases, 
malnutrition, cirrhosis and nephrosis; 
rise in y globulin in various infections, 
tumors, and metabolic diseases. A few 
common underlying mechanisms have 
been discovered for the hypoalbumine- 
mia, but not for the h}’perglobulinemia. 
The serum globulin is often high in 
diseases in which plasma cell reactions 
are prominent. 

Hyperalbuminemia is seen to occur 
only in reference to fluid loss with 
hemoconcentration. Hypoalbuminemia 
may be due to: a, loss of albumin by 
leakage into e.xtravascular spaces, in- 
cluding urine; b, hepatic disease, 
primaiy' or secondary, ua'th inadequate 
.synthesis; c, increased protein utiliza- 
tion or decreased absorption. 

Globulins at and ao are closely 
associated watli albumin. They are in- 
creased in a variety of diseases, 
possibly secondarily to falls in albumin. 

Both a and p globulins are carriers of 
lipoid components®®'. They appear to 


be increased in several diseases, de- 
pending on abnormally large amounts 
of lipoids migrating with these frac- 
tions. 

Gamma globulin, tlie component of 
most antibodies, is high in some 
subacute and chronic infections. 
Fibrinogen is primarily concerned with 
blood clotting with little fluctuation in 
different growth periods; high values 
are reported in nephrosis and low 
A'alues in severe liver disease. 

Stacey®® reported a protein found in 
a series of patients with acute infec- 
tions representing a “modified al- 
bumin”. Like albumin, it was not 
precipitated by 22.2% sodium sulfate 
solution, but like globulin it was 
precipitated by methanol in water 
udth a specific turbidity differing from 
Howe’s albumin®®. Tliis probably 
represents a globulin. 

The protein of disease which has 
been most completely studied^-®® and 
recently crystallized®'^ is the “C reactive 
protein”, precipitable by tlie C 
polysaccharide of tlie pneumococcus. 
It occurs in the acute stages of a wide 
variety of infections including rheu- 
matic fever, staphylococcus osteo- 
mj'^elitis, and is not specific witli respect 
to the inciting agent. It is immuno- 
logically specific and completely absent 
from normal plasma. 

Malnutrition and Starvation. When 
the body is starved the plasma proteins 
become depleted, just as do all the 
other tissues of the body. Tlie first 
significant change is usually in tlie 
direction of a compensatory drop in 
total blood volume®®'®®. Only in the 
advanced states does the concentration 
of serum proteins per unit of blood 
volume become significantly lowered. 
Bieler, Ecker and Spies'® found with 
tlie electrophoretic technique that an 
inadequate protein intake leads to 
reduction of both the albumin and tlie 
globulin fractions, with proportionately 
greater decrease in albumin'®’®®. The 
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gamma globulin portion of the globulin 
seems the most refractory to inanition 
diminution. 

Determinations of the total protein 
levels have been repeatedly included 
in nutritional surveys of populations. It 
has become evident that nearly all 
children so surveyed have had values 
which fall within the normal range*"-®^. 
It is only when the state of nutrition 
has been severely handicapped that 
significant correlations become de- 
monstrable between low protein diets 
and low levels of blood albumin or 
total protein. Gollan^s noted in emaci- 
ated Italian children studied at the 
end of World War 11, that many of 
them had a low albumin-globulin 
ratio due to a reduction in the concen- 
tration of albumin and an increase in 
the concentration of globulin. The 
albumin-globulin ratios in 8 marasmic 
infants ranged from 1.40 to 2.15 with 
an average of 1.64. Edema was not a 
feature, but when it became necessary 
to administer intravenous fluid die 
children developed edema very rapidly. 

ISIephrosis and Nephritis. It has been 
appreciated for a number of years that 
the total protein is greatly reduced in 
lipoid nephrosis. The salting out tech- 
nique indicated a marked diminution 
in albumin, often below 2.0 gm.®^. As 
stated previously the level of albumin 
under circumstances was grossly inac- 
curate due to the inclusion of a and 
fi globulins, yielding higher figures. 

Employing potassium phosphate 
fractional precipitation, Rapoport, Ru- 
bin and Chaffee®^ studied 11 neplirotic 
children. The albumin fraction was 
much decreased in all. The a and ^ 
globulins precipitating at 2.0 M con- 
centrations were somewhat above nor- 
mal and the fraction precipitating 
earlier, between 1.6 to 2.0 M (probably 
y globulin) was decreased, becoming 
normal during inactivity of the disease. 

Longsworth et electro- 

phoretic patterns, confirmed the pres- 


ence of very low serum albumin con- 
centrations. The a and globulins were 
elevated. The patterns of urine pro- 
teins resembled closely those of normal 
serum. Luetscher^® observed the sim- 
ilarity of neplirotic urine to normal 
serum proteins, with a predominance 
of albumin (67.7 to 92,0%) and an 
absence of fibrinogen. Three sera 
studied by Luetscher revealed a total 
protein of 8.9 to 4.2 gm. % with a 
marked diminution of plasma albumin 
(8,7 to 27.4%), which was more severe 
Aan indicated by the A/G ratio of 
salt precipitation. There was an eleva- 
tion of a globulin (15.2 to 31.7%), /3 
globulin (33.0 to 41.6%), and fibrinogen 
(12.5 to 18.4%). The a and jS albumins 
observed at pH 4.0, described above, 
were reversed in tlieir ratio in nephrotic 
serum, and urine as well; this indicates 
an alteration in the relative synthesis of 
these factors rather than differential 
urinary loss. 

Block, Jackson, Stearns and Butscli® 
describe the findings in childliood 
nephrosis as consisting of lowering of 
albumin (lowest value of 0.3 gm./lOO 
cc. blood) with increase in globulin, 
accompanied usually by increase in 
fibrinogen. High globulin values some- 
times resulted in a high figure for total 
protein, rendering such a determination 
alone, without salting-out the individ- 
ual protein fractions, often valueless. 
These results were based on both pre- 
cipitation and electrophoresis de- 
terminations in 9 patients, 

Routh et al.^^ studied several children 
in different stages of the disease by 
electrophoretic analysis of sera. Tire 
percentage ranges of the fractions and 
total protein are tabulated: 

The increases in globulin were 
explained on 3 bases: a, relative to 
decreased albumin; b, less rapid loss 
of globulin in the urine due to its 
large molecular size; c, increased an 
and as the result of augmentation 
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of lipoprotein fractions due to tlie 
nephrosis. 

The urines were also analyzed. 
Albumin, a and p globulins were al- 
ways present. Alpha 2 and y globulin 
were seen in a few. Fibrinogen was 
almost always absent. There was 
increased albumin excretion during 
albumin therapy. The levels in 
nephrosis are influenced by the course 
of the disease and by intravenous 
albumin therapy. Short period of 
albumin treatment for 1 to 3 days 
produce no change in the patterns®®*’-"®. 
Albumin therapy for 2 to 6 weeks 
bring about moderate elevations in 
albumin and diminutions in globuhn®®. 

Kunkel and Ward'*® have showm 


Albanese, Davis, Smetak and Lein® 
studied the amino acid composition of 
urinary proteins and abdominal fluid 
in children -with the nephrotic syn- 
drome, and concluded that a, the amino 
acid pattern of the urinary proteins 
varies \vith the severity of the s}Tnp- 
toms; h, the proteins in the abdominal 
fluid may not simulate the proteins 
occurring simultaneously in tlie urine, 
and c, only in the unproved stages of 
the disease does the albumin of the 
urine approximate the albumin of die 
blood in amino acid composition. How- 
ever, since these determinations were 
carried out on protein mixtures no con- 
clusions can be draivn regarding a dis- 
similarity of urine and blood proteins. 


FBACnON PERCENTAGES OF TOTAL PROTEINS IN CHILDHOOD NEPHROSIS 


Scveritj* 

Total 
Protein 
gm. % 

Albumin 

Early (min- 

5.6-8.2 

21.7- 

imal edema) 


39.1 

Moderate 

4.3-5.4 

16.4- 

edema & 


38.5 

ascites 

Severe 

3.6-6.0 

1.4- 

edema & 


30.1 

ascites 




hypernormal levels of esterase in 
nephrosis which together with the high 
fibrinogen has been interpreted as a 
general response of the liver to regen- 
erate protein more rapidly as a result 
of albumin loss. Since esterase forma- 
Hon is not impaired, but actually accel- 
erated, it is suggested that the defec- 
ti\-e protein sjmthesis in nephrosis is 
due not to any hepatic abnormality, but 
rather to lack of certain essential 
materials. 

Luetscher®®'’ reports low protein con- 
tents (0.1 to 0.7 gm. per 100 cc. ) in 
pleural and ascitic fluid of nephrotics, 
with electrophoretic patterns roughly 
resembling the plasma with somewhat 
higher albumin concentrah'ons. 


Globulin Frach'ons Fibrinogen 


“1 

2.4- 

On 

13.3- 

P 

28.2- 

7 

6.8- 

7.1- 

4.3 

18.3 

38.1 

10.4 

10.8 

4.6- 

21.6- 

6.2- 

2.6- 

6.1- 

26.4 

34.8 

22.7 

6.8 

15.8 

3.1- 

25.8- 

6.5- 

0.5- 

6.4- 

31.5 

61.6 

44.2 

15.2 

15.9 


Recent studies by Chinard, Lawson 
and Van Slyke® employing immuno- 
logic methods have demonstrated that 
the albumin in urine and ascitic fluid 
is identical with that in the plasma. 

Rheumatic Fever. No striking consis- 
tent changes have been reported in 
rheumatic fever by salting-out pro- 
cedures. Longsworth®® has reported 
increases in the ratio of globulin to 
albumin to twice normal, by electro- 
phoresis. Jager et al.*° found elevated 
a globulin by electrophoresis frequently 
in rheumatic patients, persisting after 
all other tests were normal. In addition 
5 of 15 instances of hemolytic strepto- 
coccic phar}Tigitis with non-suppura- 
tive complications indicated similar 
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elevations of globulin, persisting for 
prolonged periods; otlrer laboratory 
tests for rheumatic activity were nega- 
tive. It is suggested that an increased 
a globulin may be an index to per- 
sistence of the rheumatic process at 
less intense levels. Dole et re- 

ported an early fall in serum albumin 
and rise in ai and a 2 globulin in rheu- 
matic fever with a delayed rise in y 
globulin generally correlated with tire 
anti-streptolysin O titer. While the 
latter was of longer duration in rheu- 
matic fever, the patterns cannot dis- 
tinguish rheumatic from non-rheumatic 
disease. Luetscher®®^ reported a marked 
rise in y globulin (33,5%), globulin 
(10,0%) and fibrinogen (8,3%) in a case 
of acute rheumatic pancarditis, with 
similar findings in a second case. 

Lubschez®^ and Wilson and Lub- 
schez^®^' have reported on the electro- 
phoretic pattern in children having 
rheumatic fever as compared with 
normal children. With 30 normal chil- 
dren in apparent good health the rela- 
tive concentration of the various com- 
ponents seemed in close agreement 
with normal values, although the in- 
dividual variation was several times 
greater. With 27 other children in 
apparent health who had experienced 
various types of infection during a 1 to 
4 month interval prior to the time the 
specimen was taken, elevation of the 
gamma component occurred in about 
40% of the determinations. Illness 
within the month produced the great- 
est number of abnormalities. With 79 
specimens of blood plasma or serum 
from 42 rheumatic subjects during ap- 
parent health, following respiratory 
illness, and during rheumatic fever, 
there occurred a prolonged elevation 
in the gamma component up to several 
months following an antecedent res- 
piratory illness with or without the 
development of rheumatic fever. Dur- 
ing actue rheumatic fever, the 
globulin was normal in the absence of 


antecedent ilhiess. It was concluded 
diat elevation of the y globulin com- 
ponent in rheumatic fever is not a func- 
tion of die rheumatic process. The a 
globulin components were usually ele- 
vated during febrile periods. No evi- 
dence was obtained in these studies 
that the electrophoretic response of 
rheumatic subjects to infection presum- 
ably streptococcal in origin differed 
from that of non-rheumatic individuals. 

Anderson, Kunkel and McCarty* 
demonstrated a close parallelism be- 
tween y globulin changes and altera- 
tions in antistreptolysin and antistrepto- 
kinase in groups of patients with strep- 
tococcal infections. Those patients de- 
veloping rheumatic fever showed 
further increases in these components. 
This response reflects a general aug- 
mentation of antibody formation in the 
latter but was not proposed as a basis 
for differentiation between individual 
patients. 

Still’s Disease. In 1938, Taussig®® 
reported findings in 2 patients with 
Still’s disease by Howe precipitation. 
The albumin was low in both (2.4 and 
3,9) with elevation of the total globu- 
lin as high as 11.7 gm. per 100 cc. 
Electrophoretic studies of rheumatoid 
arthritis in adults®*-’^® revealed elevation 
of a globulin (early) and y gloublin 
(late) reverting to normal as activity 
subsides. 

Liver Disease. Gray and Barron®® 
studied the electrophoretic patterns in 
liver disease. Most characteristic of 
cirrhosis was the great increase in y 
globulin (16 to 49%), a less remarkable 
rise in ^ globulin (8.0 to 28.2%) and a 
fall in serum albrrmin (31.6 to 64.5%). 
In addition 5 patients with common 
duct obstruction and jaundice had 
slightlv decreased serum albumin and 
normal globulin, indicating that jaun- 
dice alone does not cause a marked 
rise in the latter. In acute hepatitis a 
low normal or moderately diminished 
albumin, elevated y globulin and 
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smaller rises of ao and ^ globulins were 
obsen'ed. In experimental human 
hepatitis Havens and Williams-'^^ con- 
firmed the above findings. The diminu- 
tion in serum albtunin occurred in tlie 
first week of illness and returned to 
normal by the fifth week, whereas tlie 
globulin fraction often remained high 
for three and one half montlis. 

Kunkel and Ward^® showed defective 
plasma esterase formation in infectious 
hepatitis and cirrhosis. Tliis deficiency 
paralleled that of albumin. Both sub- 
stances recovered only after long sus- 
tained therapy regardless of tlie avail- 
ability of essential material for protein 
production. 

Luetscher®®® also noted a decrease 
in albumin (39.3%) in a cirrhotic pa- 
tient witli a total protein of 5.7 gm. per 
100 cc.; the y globulin was increased 
(32.0%). The reversal in a and p al- 
bumin components preiuously alluded 
to was also present in cirrhosis. Ascitic 
fluid®®® revealed the same relative con- 
centrations of fractions and a total 
serum protein of 0.3 to 0.6 gm. %. 

Paul et reported a close similar- 
ity in electrophoretic patterns behveen 
plasma and ascitic fluid at any one 
time. More albumin, ai globulin and y 
globulin occur in tlie fluid while plasma 
is richer in ao globulin, /? globulin and 
fibrinogen. Tliis suggests that selective 
protein enrichment of ascitic fluid is 
directly related to molecular size and 
that altered vascular permeability (as 
well as hypoproteinemia ) may be a 
factor in ascitic formation. Other pos- 
sible factors, renewed by Gutman®^, 
are increased portal pressure and the 
accumulation of antidiuretic substances 
secondar)' to hepatic insufficiency. 

Tlie use of concentrated serum al- 
bumin'*’’’ in cirrhosis with ascites has 
caused a temporan' loss of edema and 
increased urinari' output and a rise in 
the albumin level. TTiis has been re- 
ported by many. 

A simple turbidometric estimation of 


y globulin described by KunkeP' has 
uniformly revealed eler^ation in lii'er 
cirrhosis. 

Tuberculosis and Sarcoid. Seibert 
et found a slight but significant 

elevation of y globulin in early tuber- 
culosis believed to represent an anti- 
body reaction. With moderately ad- 
vanced disease tliere was a rise of a« 
globulin which became more marked in 
die far adr'anced stages, along with 
diminution in albumin. In sarcoidosis, 
a great increase in total protein, y 
globulin and p globulin was apparent 

Pulmonarjf carcinoma showed no in- 
crease in y globulin but a rise in a 2 
globulin and a diminution in total 
protein. These data may be helpful in 
distinguishing among diese three some- 
times confusing pictures. 

Luetscher®®® by electrophoretic an- 
alysis noted a moderate increase in a 
globuhn and fibrinogen in tuberculosis 
including an elevation of y globulin in 
chronic disease. Tuberculous effusions 
had relatively liigh total protein con- 
centrations udth patterns resembling 
those of die blood. 

Lupus Erythematosus. Hyperglobu- 
linemia is a characteristic of diis 
disease. Cobum and Moore^^ fraction- 
ated the sera from 15 of 30 patients by 
Howe’s salt precipitation method. The 
albumin was depressed (median 3.1 
gm. %) widi an early rise in total globu- 
lin (median 3.8 gm. %) and a consider- 
able elevation of euglobulin ( 1.0 to 2.1 
gm %). The euglobulin rose with pro- 
gression of the diseas and fell wtli 
quiescence. Electrophoretic analysis of 
2 sera showed an excess rise in y globu- 
lin (mean 33% of die total protein) 
which behaved as normal globulin in 
the ultracentrifuge. The otiier globulins 
were normal. 

Endocrine Disease. McCullagh and 
Lem's''®“ described the findings of elec- 
trophoretic analysis in 19 patients with 
Addison’s disease. The total protein was 
widiin the upper normal range, with a 
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significant depression of albumin (43 
to 55%). There was some increase in 
all globulin fractions but not consist- 
ently in any one. 

In 8 adult patients witli Cushing’s 
syndrome the albumin and y globu- 
lin were depressed, and the a globulin 
increased with normal ^ globulin and 
fibrinogen. All patients had low lymp- 
hocyte counts. The low y globulin is in 
accord with Dougherty’s®^ concept tliat 
adrenal cortical secretions cause release 
of y globulins from lymphoid tissue; it is 
supposed tliat in Cushings syndrome, 
the stores, constantly exposed to hyper- 
secretion, are exliausted. 

Lobar Pneumonia. Longsworth et 
al.^^ reported a rise in a globulin to 
double normal values as the most prom- 
inent alteration on electrophoresis in 
lobar pneumonia. Significant elevations 
of globulins and fibrinogen, as well 
as a moderate drop in albumin were 
noted. 

Multiple Myeloma. Multiple mye- 
loma is an abnormal plasma cell tumor 
primarily of the bone marrow, associ- 
ated with tile urinary excretion of 
Bence-Jones protein. "Bence-Jones pro- 
tein” refers to a group of proteins char- 
acterized by precipitation at 45 to 58 
C. in slightly acid solution and redis- 
solution on boiling. This disease is of 
interest because of its highly distinctive 
plasma protein fraction picture (Gut- 
man^^’^®). The unique feature is die 
varied and anomalous serum protein 
picture demonstrable by both salting 
out and electrophoretic methods. Tlie 
total protein is unusually high, often 
above 8.0 gm. per 100 cc. due to mark- 
ed increase in the globulins. The globu- 
lin pattern is not uniform; at times it 
shows a rise chiefly in Howe’s euglobu- 
lin (up to 9.4 gm. per 100 cc. ). Pseudo- 
globulin I may also be up (6.5 to 6.8 
gm. per 100 cc.). In otlier instances the 
euglobulin is normal and the increment 
is almost entirely precipitated as 
pseudoglobulin I. Under these cir- 
cumstances, electrophoresis shows an 


elevation of y globulin (up to 65% of 
total protein) and involves little or no 
Bence-Jones protein emia, showing a 
non-specific pattern seen in some in- 
fections. A variety of unusual precipi- 
tates and electrophoretic pictures may 
obtain showing components with mobil- 
ities of (3 globulin or between and y 
globulin. Some but not all of diese seem 
to be Bence-Jones protein. Some pa- 
tients show normal sera by electro- 
phoresis, ultracentrifugation, and Howe 
fractionation, but these appearances do 
not preclude die presence of small 
quantities of Bence-Jones protein. The 
serum albumin is usually depressed but 
may appear normal because of Bence- 
Jones protein having similar solubility 
properties. Martin®^ has described an 
increased serum y globulin component 
which proved heterogeneous in the 
ultracentrifuge and was identified widi 
tumor material removed at post mor- 
tem. 

Miscellaneous. A very narrow sharp 
peak in the globulin boundary in elec- 
trophoretic patterns was noted by 
Dole®® in 14 of 15 normal subjects. This 
so-called “p disturbance” was dimin- 
ished or absent in 22 of 23 cases of 
poliomyelitis and 5 of Guillain-Barre 
syndrome^®. The alterations were not 
related to the severity of illness and 
were not present in paralysis of un- 
known etiology or hypertrophic mus- 
cular dystrophy. 

In syphilitic infants, Darrow and 
Cary^® noted a high serum globulin 
(over 3.0 gm. per 100 cc. ) by sodium 
sulfate precipitation. Electrophoretic 
patterns do not exhibit any character- 
istics for tliis disease and are of no 
assistance in differentiating between 
syphilitic and nonsyphilitic positive 
serologic tests for syphilis^'^. 

Eight marasmic infants®® suffering 
from malnutrition showed depressed 
total proteins along with an increase in 
total globulins. The latter were not 
further fractionated. Experimentally in 
dogs, a fall in albumin more apparent 
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on electrophoresis has resulted from 
low protein feedings. All globulins, 
especially a globulin, were elevated^**-’. 

Two cases of congenital idiopathic 
hypoproteinemia have been reported 
in children®'’'*^ witli decreases in total 
protein and almost complete lack of y 
globulin by electrophoresis. In spite of 
the latter, a particular susceptibility to 
infection was not noted. 

A case of Letterer-Siwe disease^® 
revealed a low albumin (28%) and a 
general rise in all globulins, propor- 
tionately less in the ai fraction: ai 12% 
a 2 15%, 16%, and y globulins 28.3%. 

In hj'perthyroidism Leuns and Mc- 
Cullagh®®‘= found low plasma albumin 
and increased a globulins witli no 
particular alteration in other fractions. 
The picture returned to normal after 
operation. In hypoth)Toidism, a dim- 
inution in both albumin and a globulin 
with a rise in /S globulin w'as seen, 
wiiich returned to normal after pro- 
longed therapy. 

Recently Lepow' et al.^° have de- 
scribed a protein in periarteritis nodosa 
wiiich precipitates spontaneously at 4 
C. but differs from pre^iously report- 
ed '‘cr 3 'oglobulms” in not redissolving 
at room temperature. Electrophoretic 
studies have identified it among the 
gamma globulins. 

In 7 cases of infectious mononu- 
cleosis, Sterling®® described diminu- 
tions in albumin and rises in gamma- 
globulin, wath less constant rises in a, 
and p globulin. The heterophile anti- 
bodies. appeared to predominate in the 
gamm-globulin components. 

A suggestive difference from normal 
in the electrophoretic behavior of 
liemoglobin from individuals with 
sickle cell anemia has recently been 
reported by Itano and Panling®®. 

Cerebrospinal Fluid Proteins. Spinal 
fluid proteins are commonly studied by 
the colloidal gold test wiiich is not a 
direct measure but depends upon the 
proportions of albumin to globulin®®'*-^. 

Most of the globulin in cerebrospinal 


fluid is How'e’s pseudoglobulin, al- 
tliough in tlie first two montlis of life 
(the first 6 months in premature in- 
fants) it is euglobulin. The cerebro- 
spinal fluid in 196 patients widi various 
central nervous system diseases w'ere 
studied by the precipitation metliod; 
w'liile absolute levels were not patho- 
gnomonic, tlie euglobulin alw'ays e.\- 
ceeded 50% of the total globulin ( aver- 
aged 78.3%) in brain abscess and w'as 
uniformly less than 50% in odier condi- 
tions, including encephalitis, acute and 
chronic bacterial meningitis^®®. 

In general, electrophoretic patterns 
correspond closely to those of blood 
except tliat a globulin and fibrinogen 
are often absent^'*. In neurosj^hilis the 
latter are present and a rise in globulin 
occurs. 

Immunochemical techiques have also 
been apphed to studies of cerebrospinal 
fluid'*®®. Normal values are as follow’s: 
total protein 19 to 54 mg. 
albumin 14.1 to 22.1 mg. 

globulin 2.7 to 4.5 mg. 

A/G ratio 3.8 to 8.8 mg. 

A/G ratio 3.8 to 8.8 

In 16 of 17 patients with neuro- 
sj'philis'*®'^, a marked increase in y 
globulins (5.6 to 116.0 mg. per 100 cc. ) 
W'as noted. Ten of the 17 had normal 
total proteins and negative colloidal 
gold reactions. An increase in a globu- 
lin was also found in 8 of 14 patients 
w'ith multiple sclerosis. It has recently 
been demonstrated that serum protein 
fractions^® are unchanged to electro- 
phoresis for as long as 13 hours post 
mortem. 

Conclusion. Alterations in plasma 
protein fractions often occur in disease 
state in childhood but of character 
only occasionally suflBciently unique to 
be patliognomonic. Neverdieless, their 
study, especially w'hen repeated serial- 
ly, can often yield helpful information 
concerning the eflBcacy of treatment 
and progress of disease. More investi- 
gations in problems of pediatric sig- 
nificance are needed. 
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The Effect of Salt Poor Human Al- 
bumin on Renal Oxgyen Consumption 
in Man. Harold G. Barker, M.D., 
John K. Clark, M.D., Archer P. 
Crosley, Jr., M.D., and Al\tn J. Cum- 
mins, M.D. (Depts. of Surg. and Med., 
Med. Sell, and Hosp., Univ. of Penna.). 
It has been generally held that changes 
in renal blood flow are accompanied by 
like and parallel changes in oxygen 
consumption with an unchanged ar- 
teriovenous oxygen difference. This is 
the reverse of the situation in other 
organs. This relationship has been 
demonstrated by others at low blood 
flows but high flows have not been 
previously tested. 

Seventy-five gm. of salt poor human 
albumin was given rapidly (less than 
30 min.) intravenously to 5 normal 
human subjects as a means of elevating 
renal blood flow. Hemodynamic effects 
similar to those found by other workers 
were uniform for the group and con- 
sisted of elevation of renal blood flow 
(direct Fick), variable or unaltered 
glomerular filtration rate, uniformly 
decreased filtration fraction, depressed 
PAH extraction, and a fall in hemato- 
crit. In all subjects renal A-V oxygen 
difference varied inversely with renal 
blood flow, leaving oxygen consump- 
tion unchanged— i.e., independent of 
renal blood flow. The increased renal 
blood flow seen following albumin is 
probably partly a result of vasodilata- 
tion in response to the increased blood 
volume and partly due to decreased 
wscosity. The decreased filtration frac- 
tion might indicate efferent arteriolar 
dilatation, aldiough in the absence of 
a direct method for measuring glom- 
erular filtration rate it might be argued 


that albumin leads to tubular reabsorp- 
tion of any test substance used for tiffs 
measurement. 

In one other subject we found, in 
agreement with Michie et at, that PAH 
Tm remained constant in the face of 
an increased renal blood flow following 
albumin. 

The findings might be consistent 
with a Trueta shunt were it not for the 
unchanging Tm which indicates that 
were a shunting of any kind to occur 
it would have to be an opening of 
additional channels rather than diver- 
sion of blood from cortex to medulla 
as Trueta has proposed. 

The Pulmonary Oxgyen Diffusion 
Coefficient. Christian J. Lambertsen, 
M.D., John K. Clark, M.D., Domingo 
M. Aviado, Jr., M.D., Robert G. Pon- 
tius, M.D., Earl S. Barker, M.D., 
John Moyer, M.D., and Carl F. 
Schmidt, M.D. (Depts. of Pharmacol, 
and Med., Univ. of Penna.). The pul- 
monary diffusion coeflScient for oxygen 
(DO2) has been determined directiy 
in anoxic human subjects by means of 
simultaneous estimation of O2 con- 
sumption and pOa in alveolar air, 
mixed venous blood (obtained by right 
heart catheterization), and arterial 
blood. From the beginning it became 
apparent that the DOo would be 
larger than expected. The resulting 
very small final Ap02 between alveolar 
air and blood required minimizing the 
systematic errors of methods used by: 
a, refinement of the direct microtono- 
metric determination of blood p02 
until its error was within ±2 mm. Hg., 
and b, selection of the proper method 
for estimating alveolar pOs by simul- 

( 715 ) 
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taneous, experimental comparison of 
available methods. In order to obtain 
reliable arterial blood samples it was 
necessary to minimize the lowering of 
p 02 caused by dilution of oxygenated 
pulmonary capillary blood with less 
well oxygenated or venous blood by 
having subjects breathe 8% O 2 in N 2 . 
The results indicate a DO 2 of 60 and 
a mean alveolar-pulmonary capillary 
pOo gradient of 5.4 in normal, resting 
subjects. These are to be compared 
with 30 and 10 respectively obtained 
by others with the indirect CO method 
for determining the DO 2 . It is sug- 
gested that the CO values may be too 
low: a, because the behavior of a gas 
normal to the body may not be pre- 
dictable from tliat of a foreign, toxic 
one; and, h, because the combination 
of CO with blood may not be rapid 
enough to justify the assumption of 
zero pCO in the blood during the 
determination of the diffusion coef- 
ficient. This is supported by the work 
of Roughton (Am. J. Physiol., 143, 621, 
1945) who has indirectly calculated a 
DO 2 of 60 at rest. 

New Transformation Products of 
Strophanthidin. Maximilian Ehren- 
STEiN, Ph.D., and Mary A. Wagner 
(Cox Med. Res. Inst, Univ. of Penna.). 
With the aim of preparing steroids 
structurally related to progesterone 
and' the adrenal cortical hormones, 
strophanthidin has been transformed 
into a number of new compounds 
which will serve as intermediates 
towards this goal. In a previous publi- 
cation^ the conversion of strophanthi- 
din into ethyl 3 (/?),5,19-trihydroxyeti- 
ocholanate has been described. Con- 
trar}' to expectations it could not be 
made to undergo the Oppenauer reac- 
tion. However, when treated with 
Raney nickel in the presence of cyclo- 
hexanone- at 130°, a mixture of reac- 


tion products resulted from which 4 
components have been isolated in a 
pure form. The principal product was 
identified as ethyl 3-hydroxy-A^’^*®’^®- 
estratriene-17-carboxylate. It was sa- 
ponified to 3-hydroxy-A^'®’®’^®-estratri- 
ene-17-carboxylic acid. The aromatiza- 
tion of ring A of the steroid nucleus 
under such mild conditions was' unex- 
pected. The obtained products differ 
structurally from estradiol only in that 
the secondary hydroxyl group at car- 
bon atom 17 appears replaced by 
— COOC2H5 and — COOH respec- 
tively. In spite of this structural sim- 
ilarity they did not produce estrus in 
spayed mice at a level of 10 micrograms 
(assay by Drs. E. A. Doisy and S. A. 
Thayer). 

By treatment with triphenylchlo- 
romethane, ethyl 3(j8),5,19-trihydro- 
xyetiocholanate was transformed into 
ethyl 19-tritoxy-3 ( /? ) ,5-dihydroxyetio- 
cholanate. This compound could be 
acetylated in position 3 and the result- 
ing product hydrolyzed to ethyl 3(j8)- 
acetoxy-5,19 - dihydroxyetiocholanate. 
Tliese two transformation products will 
be key substances in the synthesis of 
the steroids mentioned above. 

The Effect of Insulin and Adenosine- 
triphosphatase in a Reaction Coupling 
Oxidation with Phosphorylation. B. D. 
PoLis, Ph.D., E. PoLis, L. Jedeikin, M. 
Kerrigan, and E. Kety ( Diabetic Coma 
Project, Phila. Gen. Hosp. ). By the 
procedures of homogenization, dif- 
ferential centrifugation and washing in 
0.1 M KCl solution, it is possible to 
prepare a yellow colored suspension of 
essentially mitochondria. These cellular 
units are capable of catalyzing the 
oxidation of a-keto-glutaric acid with 
the uptake of oxygen and conco- 
mitantly of phospliorylating adenylic 
acid with inorganic phosphate. With 
the addition of a 'yeast hexokinase, 
glucose, and sodium fluoride, inorganic 


1. Ehrenstein, M., and Johnson, A. R.: J. Org. Chcm., II, 823, 1946. 

2. Klcidcrer, E. C., and KomEcld, E. C.: Ibid., 13, 455, 1948. 
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phosphate is esterified to glucose-G- 
phosphate over the padiway of high 
energy phosphate systems (ATP). If 
the concentrations of yeast liver 
enzjones are so adjusted that die rate 
of transphosphorylation between glu- 
cose and ATP by the hexokinase sys- 
tem is always greater than die rate 
of ATP formation by way of the 
oxidative phosphorylation reaction 
catalyzed by die liver system, then any 
increase in the quantity of inorganic 
phosphate estei-ified must reflect a stim- 
ulation in die formation of high energy 
phosphate bonds by the mitochondria. 
This condition was satisfied by die 
use of less than optimal concenti'ations 
of ATP, a liver enz}'me of reduced 
activity (aged preparation), and an 
excess of yeast hexokinase. The addi- 
tion of insulin to this system resulted 
in a significantly increased rate of 
esterification with approximately 1 out 
of every 3 enzyme preparations. In a 
series of 166 experiments performed 
noth 77 different liver entyme prepara- 
tions and 20 hexokinase preparations, 
the additions of 0.02 to 0.2 units of 
insulin to the test system produced 
a statistically significant increase 
(p < <0.001) in the quantity of phos- 
phate esterified, an increase which aver- 
aged 1.4 micromoles of phosphate (S. 
E. = 0,23 micromoles) over that pro- 
duced in the absence of insulin. The 
use of a yeast hexokinase obviated the 
possibility of an insulin effect on the 
hexokinase similar to that described by 
Cori and coworkers. Since there was 
little stimulation in Oo consumption 
yet appreciable increase in phosphate 


esterified, it was inferred that die 
action of die insulin in the described 
enzyme complex increased the eflS- 
ciency of die formation of high energy 
phosphate bonds by an aerobic oxida- 
tion. This was made more obvious by 
the increased ratio of phosphate 
esterified to O 2 consumed (P/O 2 ) in 
die experiments widi insulin as com- 
pared to diose without insulin. 

This effect of insulin was further 
investigated in an effort to increase die 
reproducibility and clarif)'’ die nature 
of die reaction observed. Tlie addi- 
tions of dinitrophenol, dodecylsulfate, 
sodium azide, and alloxan resulted in 
an inhibition of the phosphate esterified 
which was not released with die addi- 
tion of insulin. All except sodium azide 
had litde or no effect on die O 2 con- 
sumption. The addition of a Mg 
activated adenosinetriphosphatase (Mg 
ATPase), as described by Kielley and 
Meyerhof, resulted in an inliibition of 
bodi O 2 uptake and inorganic phos- 
phate esterified. The addition of 
insulin of this Mg ATPase inhibited 
system, again increased die efficiency 
of oxidative phosphor)flation. It was of 
interest that insulin inactivated ividi 
NaOH and heat, lowered the efficiency 
of phosphorylation below that of the 
control. 

The concept of insulin acting in the 
interplay between enzymes forming 
and degrading high energy phosphate 
in a manner as to favor the increase 
in high energy phosphate has par- 
ticular appeal in that it serves as a 
single explanation for the manifold 
actions reported for insulin. 
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Care of the Surgical Patient. By Jacob 
Fine, M.D., Prof, of Surgery at Beth Israel 
Hosp., Harvard Med. School. Pp. 544; 40 
ills. Phila.: W. B. Saunders, 1949. Price, 
$ 8 . 00 . 

This boolc, ^vritten to provide “a guide for 
the over-aU care of the surgical patient”, 
attempts to cover every phase of this broad 
problem. It deals with such varying subjects 
as common skin disorders, psycliiatric con- 
siderations in surgery and laboratory pro- 
cedures, in addition to the usual topics dis- 
cussed in surgical texts. The chapters are 
generally short and ^vritten in a ratlier con- 
versational style by men obviously quaUfied 
in their fields. It is not, however, sufficiently 
full or detailed to serve as a reference book 
or te.\-t, nor is it intended to be. 

Some may question the need for such a 
volume for it is not the type of book one 
would use when confronted with a particular 
problem, because of its brevity in the dis- 
cussion of each subject; nor could it be 
looked upon as a manual. This volume, how- 
ever, does supply a "bird’s eye view” of sur- 
gery as it is practiced in an excellent teacliing 
center of today, and from this viewpoint it is 
valuable. B. R. 


Clinical Auscultation of the Heart. By 
Samuel A. Levine, M.D., Clinical Prof, of 
Medicine, and W. Proctor Hartoy, M.D., 
Research Fellow, Harvard Medical School 
and Peter Bent Brigham Hospital. Pp. 327; 
286 ills. Phila.: W. B. Saunders, 1949. Price, 
$6.50. 

Aiming "to discuss in detail the simple 
data pertaining to bedside auscultation that 
can be grasped and applied by any physician 
in the practice of medicine” vdth "comments 
concerning tlie related clinical conditions and 
the tlicrapeuti'c implications involved . . . 
illustrated by occasional specific exqieriences 
and case reports,” this book presents sections 
on he.irt sounds, cardiac irregularities, cardiac 
murmurs, and miscellaneous auscultatory 
findings with simultaneously-recorded phono- 
cardiograms and electrocardiograms as the 
routine method of illustration. 

Considerable material is prorided which 
should stimulate tlie interest and answer some 
of the questions of physicians desiring an 
introduction to, or a reriew of, cardiac 
auscultation. Tlie illustrations are copious, 
gcncr.ally relevant, and clear. A rather full 
index is prorided. 

( 718 ) 


No great attempt is made to describe how 
murmurs actually sound to the ear, despite 
great faithfulness in depicting their phono- 
cardiographic appearance and timing. It is 
frequently not made elear which murmurs 
or abnormalities of sounds and rhythm are 
easy to hear and identify and which ones 
require experience and practice; nor is em- 
phasis given to situations in which the auscul- 
tatory findings are of crucial importance as 
compared with situations where their interest 
is academic. Certain important and useful 
tactile accompaniments of sounds and mur- 
murs are not discussed at all: for example, 
thrills, the thrust of gallops, or the collapsing 
qualitj' of the apex beat in mitral stenosis. 

Attention should be called to descriptions 
of tlie opening snap of mitral stenosis; of 
“systolic gallop” ( apparently considered iden- 
tical with systoh’c click); and of the auscul- 
tatory characteristics of left and right bundle 
branch block, which do not make use of all 
the available information on these subjects. 
Fiuthermore, no mention at all is made of the 
uncommon but pathognomonic protodiastolic 
vibration associated with certain calcified 
pericardia] scars. 

Although tlie Authors are not obligated to 
provide a complete bibliography, their book 
not being a systematic treatise on heart 
sounds and murmurs either in fact or by 
design, it seems unfortunate tliat no refer- 
ences are provided at all, and that no quota- 
tions are made from standard or classical 
works which have described certain auscul- 
tatory phenomena conspicuously well. J. S. 


Rapid Microchexhcal Methods for Blood 
AND CSF Examinations. By F. Rappaport, 
Ph.D., Laboratory Director, Hadassah 
Municipality Hospital, Tel-Aviv, Israel. 
Foreword by F. Shberstein, M.D. Pp. 404; 
71 figs. New York: Grune & Stratton, 1949. 
Price, $8.75. 

The Author, a well known -writer in the 
field of laboratorj' procedures, adheres closely 
to the st)'le of presentation found in most 
books on laboratory techniques. He includes 
a short explanatory note on the underlj'ing 
principles involved and an enumeration of 
many changes in the various blood com- 
ponents in disease. Most of the methods arc 
lime proven, and many have been developed 
or improved upon by the Author. 

It is unfortunate that he has incorporated 
the early Van Slyke method of COo-combin- 
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ing power of tlie blood for tlie estimation 
of plasma alkali reserve instead of recent, 
more accurate procedures. The use of pro- 
tluombin per cent interchangeably with vita- 
min 1C is also objected to, as well as the 
way the concentration of protlurombin is 
calculated in the bedside techniq^ue. He 
employs tlie fallacious and undesirable cal- 
culation of prodirombin percentage based on 
ratio of the times of unknown and standard 
serums. This ratio is erroneously labeled 
vitamin K percentage and vitamin K content 
in the text and prothrombin percentage in an 
example. 

In keeping witli one of his objectives, the 
use of simple apparatus, sodium and potas- 
sium determinations are by iodometry in- 
stead of by the more familiar and rapid flame 
photometry. Aldiough die Authors aim to 
avoid elaboration in apparatus appears praise- 
worthy, his failure to utilize photocell pho- 
tometry will impair the usefulness of the 
book where diese instruments are readily 
available. 

The format, printing and binding are 
good. On die whole die manual is a good 
one and should serve well as a reference text 
for the experienced laboratory worker. 

V.M. 


Medicine. (Volume 11) Diagnosis, Preven- 
tion, AND Treatment. By A. E. Clark- 
Kennedy, M.D., Fellow of Corpus Christi 
College, Cambridge. Pp. 894. Balt.: Williams 
& Wilkins, 1949. Price, $7.00. 

Tms 2d and final volume confirms die 
opening paragraph of the review of the 1st 
volume (see diis journal August, 1948). It 
was there stated: “This book is another brave 
attempt to achieve the impossible; Tt is 
intended to inculcate an attitude of mind. It 
is written to present facts which could be 
deduced from principles being committed to 
memory unnecessarily’. Tliis higldy desirable 
goal is unfortunately not reached by this 
volume." 

Volume II presents 6 chapters— Clinical 
Diagnosis, Special Investigations, Disturbance 
of Function, Reactions of the Mind, and 
Pathological Processes. Some of it is inter- 
^ting and readable; but as a whole it suffers 
from a certain di^seness inherent to the 
Author s admitted intent to ^^inculcate an 
attitude of mind”. The work is neither a 
textbook nor a reference book; it is unique 
in its field hut this volume again seems to 
the Rewewer to fail in its difficult purpose. 

The American reader will be intrigued by 
he many^ differences between the British 
point of view and Iris own. For example, on 
page 456 the well known British emphasis 


on diagnosis by Iristory and clinical exami- 
nation witliout recourse to the laboratory, 
unless one suspects that an abnormal finding 
twill hp. di.scovered, is anoarent. O.P. 


Recent Advances in Oto-lahyngoeogy. By 
R. Scott Stevenson, M.D., President, Sec- 
tion of Otology, Royal Society of Medicine. 
2d ed. Pp. 395; 106 ills., 8 plates. Plrila.: 
Blakiston, 1949. Price, $6.00. 

This edition strikes a useful medium 
between a textbook and a year-book. The 
Autlior evaluates and comments upon a wide 
variety of subjects selected as being of 
topical interest; for example-chemotlierapy 
and antibiotics, nasal sinusitis, tlie tonsil prob- 
lem, hearing-aids, otosclerosis, clironic mid- 
dle-ear suppuration, Meniere’s disease, malig- 
nant disease of tlie pharynx, cancer of the 
lar)’nx, and bronchoscopy and esophagoscopy. 
This is a book tliat can be recommended to 
medically young and old alike— to general 
practitioners and post-graduate students of 
oto-laryngology as well as more seasoned 
specialists. N. F. 


Regional Ileitis. By Buriull B. Crohn, 
M.D., Consulting Gastroenterologist, Mt. 
Sinai Hospital, New York. Pp. 229; 74 figs. 
New York: Grune & Stratton, 1949. Price, 
$5.50. 

This monograpli covers tlie subject of 
regional ileitis in detail. The author bases his 
statements on personal experience witli 222 
cases of chronic regional ileitis, 16 cases of 
acute regional ileitis, 38 cases of ileo-jejunitis 
and 22 cases of ileo-cohtis, and on informa- 
tion gained from 257 references to the litera- 
ture. The discussion of the pathology, clinical 
manifestations and diagnosis is excellent, 
leaving one with a definite feeling of under- 
standing the nature of die disease. On die 
other hand the Reviewer did not feel con- 
vinced that die Audior’s recommendation of 
shortcircuiting procedures with transection of 
die ileum is the final answer in therapy. To 
date, however, such treatment seems to have 
given the most satisfactory results. The book 
is easy to read and the illustrations are 
excellent. It is highly recommended. W. S. 


TExraooK OF Genito-Urinary Surgery. 

Edited by H. P. Winsbury-White, M.B. 

Ch.B., F.R.C.S. (Edin. ), F.R.C.S. (Eng.). 

many in color. Balt.: 

Williams & Wilkins, 1948. Price, $20.00. 

This excellent textbook has been written 
by 40 British urologists, including Winsbury- 
\\ hite, and covers the urinarv tract and die 
male genital system from the surgical point 



720 


BOOK RE\TEWS AND NOTICES 


of \ie\v. The text bears witness to the whole- 
hearted cooperation of tliese contributors. 
The subject-matter is all-inclusive and is most 
efficient!}' co\'ered. Full discussion is given to 
such controversial topics as the different 
methods of removing prostatic obstruction. 

Tliis te.vtbook is invaluable for medical stu- 
dents, residents and trained urologists alike. 

B. H. 


Dermatologie. Von J. Darier, A. Cn'ATTE, 
and A. T2.anck. German translation by 
Schwarz of French otli ed. Pp. 946; 269 
ills. Bern, Switzerland: Hans Huber, 1949. 
(Imported by Grune & Stratton, New York.) 
Price, S. Fr. 90. 

This work, a German translation of tlie 
French 5tli edition of Darier’s classical “Precis 
de Dermatologie” as revised by Iris pupil, 
Civatte, is claimed to represent the summa- 
tion of tlie dermatologic knowledge of our 
time. E.xcept for tlie addition of some dis- 
cussion on penicillin in tlie appendix, tlie 
remainder of tlie content follows the original 
text exactly. Schwarz’s product is tlie 3d Ger- 
man translation of Darier’s work. The first, 
by J. Jadassohn, appeared in 1913, and the 
second, by K. H. A^ohwinkel, was published 
in 1936. In the present translation, Schwarz 
has adopted die best features of her prede- 
cessors’ efforts. Robert, in his foreword to tliis 
new German translation of Darier’s outstand- 
ing work, believes that it will not only be 
of great value to students, physicians and 
specialists, but also is a notable contribution 
to practical and scientific dermatology. It is, 
besides, a step in tlie direction of furtherance 
of international understanding among persons 
of different languages. 

There is little question about the value of 
this I'olume to dermatologists. The morpho- 
logic approach to tlie dermatoses is to a great 
extent supplemented by the etiologic ap- 
proach gii'en in tlie second part. Tlie illus- 
trations are usually good, but are relatively 
fewer than is often found in American texts. 
The index is not cntirelv satisfactory. 

In spite of the reputation of the original 
French work by Darier, the present German 
translation, because of language difficulties, 
will find little demand among the bulk of 
American dermatologists. There is need for 
a new English translation since, as far as 
the Reviewer knows, none has appeared since 
Pollitzer’s translation of the French 2d edi- 
tion in 1920. H. B. 


Psychosomatic Medicine, The Clinical 
.V i’PLicx-noN or Psychopathology to Gen- 
riixL .Medical Probixms. By Edward 


Weiss, M.D., Prof, of Clinical Medicine, 
Temple Univ., and O. Spurgeon English, 
M.D., Prof, of PsychiatT}', Temple Univ. 2d 
ed. Pp. 803. Phila.; IV. B. Saunders, 1949. 
Price, $9.50. 

Since “all medicine is jisx’chosoniatic 
medicine,” as tlie audiors remind us, tliis 
book contains information wliich has practical 
interest not only for psychiatrists, but for 
other specialists as xvell as general physicians 
and students. Various sections in this new 
edition have been considerably re-organized. 
Moreover, a considerable amount of new 
material has been added in the light of new 
concepts and findings. There is a nexx’ chapter 
on psj’chosoinatic diagnosis which includes 
adx'ances in ps}'chological testing tliat have 
been applied in psychosomatic diagnosis and 
prognosis. Material has been added on social 
work in relation to psychosomatic medicine, 
on orthopedics, and on physical medicine. In 
addition, new case material, charts, and tables 
have been included. One can ill afford not 
to be acquainted witli this book. W. P. 


A Te.xtbook of Oral Pathology. By 
Thomas J. Hill, D.D.S., Prof, of Clinical 
Oral Pathology and Therapeutics, Western 
Reserve Univ. 4tli ed. Pp. 398; 314 ills. 
Phila.: Lea & Febiger, 1949. Price, $7.50. 

Tius is a standard te.xt for students of den- 
tistry. The autlior has long been associated 
with tlie Institute of Pathology at Western 
Reserve University and in addition has had 
extensive experienee in clinical teaching in 
die Dental School. The chapter on dental 
caries has been revised and emphasis has 
been placed on recent developments xvith 
reference to methods of control. The section 
on periodontology has been slightly modified 
and the terminology recommended by the 
Nomenclature Committee of the American 
Academy of Periodontology adopted. Since 
the autlior has re-used a diagram (Fig. 198) 
xx'hich was severely criticised in reviews of 
the 3d edition, he apparently docs not accept 
the x'iews of Gottlieb and his followers on 
the epitlielial attachment to the tooth. The 
chapter on Deep Neck Infections of Dental 
Origin has been e.x-panded. The use of illus- 
trations from otlier texts in xvhich anatomic.al 
stnictures are numbered but where the cap- 
tion does not give the key to the numbers, 
may stimulate the student’s curiosity or may 
be merely anno}'ing. One illustration (Fig. 
262) does not correspond xvith its caption. 
The t}pc is more legible and the paper of 
bettor quality than in the prexaous edition. 

P. B. 
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